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CHAPTER 1

THE RELATXONSHIP BETWEEN LEARNING CONCEDTS

ANTY QMITADAIT A £YY T IV TATT
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The study of conceptual behavior in recent years has received much
attention from empirical researchers. Such research has been concerned
chiefly with (a) variables which affect concept attainment of adults
or near-adults--specifically the college sophomore--or (b) develop-
mental patterns of conceptual behavior in children, Representative of
the first category is the work of Bruner et al. (1956}, and of tie
second is the work of Inhelder and Piaget (1238). Researchers of the
former category have come to iuse dimensionalized stimulus meterials.
Those 0f the latter seldor use thece fahricated materials; rather
children exanining re:zl materials which are relevant to functional
concepts are observed. These differences have limited the application
of research resylts from that group which uses dimensionalized materisals
to other groups céncerned with educational practices invclving children.
If the void between these areas can be satisfactorily bridged, much
knowledge which has previously been viewed as esoteric and bacic in
nature will have significance for classroom iearning. It was toward
this end that the present study was directed. ‘

Two possible approaches %o this genersl problem sec 2adily

apperent, The first is to structure.knowledge into its various

.

g, WS al L3
e v gy T ST TS
N NRTG W e S0 SaE Ty 2 oo S TS 4
. 3

AR ._”,‘ RS e .

O

T T e e T Ty
VAT e N, S e ST kL S B o D FNE 2k o on 7
; ny AR B GRS

L3 L

A2

L
o
e
S g
it




—— Y

A bSO K A S mah. <R i s e ar i

e

“

N R ‘R
la =
[

[.I.

wa

R = N =2

O e o R o B o R AL WSS i - " - X R e e
! **
.
2 P -
attributes and defining characteristics, The magnitude of the "stimulus %Z
material” here seems most formidable. The second is to introduce gi
children at various age levels to tasks involving dimensionalized stimu- E
lus materials and then to examine the relationship of their periormance %
on these taska with more traditional curricular activities. This is ?f
the approach that was used ir this study. %j?
The bausic problem was two-fold: (e) to investigate developmental };:
aspects of concept acquisition involving dimensionalized stimulus ; |
material, and (b) to investigate the relationship of concept learning
in this iaboratory situstion to achievement in selected curricular
arees, To these ends, data were gathered and anslyzed s¢ as to answer Ei:
the specific questions under consideration in this study: ;'
1. What are the effects of the following variabies upon infor- Pf
mation processing in concept attainment ta.ks: (2) grade -
isvel~--gseventh, eighfh, and ninth; (b) sex; (c) exemplay 21
or nonexemplar stimulus presentation; and (d) exemplar, ?}
nonexsmplar, or indeterminant response options? ;y
2. What are the effects of the following variables upon concept F
attainment: (a) grade level-.seventh, eighth, and ninth; }
{(b) sex; and {c) exemplar or nonexemplar stimulus ;;
presentation? ?
3. What are the common factors that account for the relationship .
among the concept attainment tasks and curricular :schievement Z
toste? , ]
- |
Q
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4. What are the relationships among laboratory variables and the
curricular sreas as determined by oblique relationships of

o the common (task and curricular) factors?
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CHAPTER 11

REJLATED RESEARCH

L E s
inys N AW I

The Nature of Concepts

e By AN A alahdlT s ke N it

Concepts have besn classified by Bruner, et al. (1956) as conjunc-

tive, disjunctive or relational. A conjunctive concept is defined as

-1 W

SEATAY

the joint presence of one level each of two or more attributes. A

oMK

disjunctive concept is defined as the presence of either one, another,

N (A
I

or both levels of an attribute. Attribute here refers to a figural

dimension of a stimulus display. A relational concept is defined by =

v e

specifiable relationship between levels of attributes. For example,

cards with the sene number of figures and borders exenplify a concept

£

of a relational type,

LR S L T T

.
13
-y ..

Neisser and Weene (1962) describe 10 types of attribute arrange-~

s

N

ments which can be defined by the presencz or absence of various levels

Kb T 4

of dimensions. Their's is an sxtension of Bruner's classification of

eoncepts. It includes additionally: (2) negative instances of

o .
Ty
F ALY

A
‘\v

Bruner's three types, (%) either-or patterns, and (c) implication

S .
SRA T WA W,

types. In further examination of types of concepts, Hunt (1961) founc
that conjunctive and relational solutions to concept attainment tasks
using figural stimulus mateiisl were used by‘§s more often than dis-
Junctive types of solutions.

The general conclusion reached by those studying types of concepts

is that the conjunctive type is the easiest and disjunctive is the most

1
B R
. N \

4 difficult for Ss to attain, The present research is concerned with the

conjunctive types as defined by Bruner.
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Early Studies of Concept Attainment

Probsbly the best known of early studies of concept attainment and

. -#/ e e
BRAS AN Wk AR

information processing in coneapt attainment are those conductad hy

L
3 P ¥
e f] 'y

Huil (1920), Heidbredsr (1945), and Smoke (1932), Chinese characters

were used by Hull (1920) as visual gtimuli %o form and test the forma-

n-

tion of concepts by university students, Sequential presentation of é;

144 stimuli cards was accomplished with a memory drum. The Ss were g %
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exposed to a character for a period of five seconds and given the name

!
s
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of the associated concept by the experimenter. Perfect scores on two

revolutions~=24 exposures=-o0f the drum were the criteria for formation
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of the concept. Frequency of correct responses was the criterion for
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testing the formation of the concepts, Certain specific results of
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Hull's experiment have been summarized by llarris and Schwahn (1961),
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These results have limited applicability to the present study; methodo-

ki "
LY .

logical factors are more relevant, For example, the sequential mothod
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of stimulus presentation in the study became almost a tradition up to
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the 1950's when Bruner et al. (1956) conducted their work using SN
simul tanecus presentation methods, In their work simultancous present- E i

ations of stimulus materials were made; and additionally, conceptual

.],"'
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membership of the stimulus cards was specified upon S's geiection of

instances to be tested. The use of vigsually presented stimulus

o B,

materials by Hull which are unique to experimental §s is also a £~f
relevant methodological faector used in the pPresent study.
Heidbredor {1945), (1946), (1948), (1949) also using ssrial

presentation, conducted & series of studies ¢n concept attainment with Efi
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pictorial stimulus presentation. Her contributions to this area of

study include the adaptions of terminology and the application of

f
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methodology to concept atteinment. She was also especially concerned
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)

with stimulus variables: (a) familiarity, (b) simplicity, (c) uni-
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formity of visual patterns, and (d) goodness of form. One of her

interesting findings regariing stimuli wass tkat a hierarchy existed .

| T among concrete objects, spatial forms and numbers with number the most

j difficult., Though her conclusions ars mot particularly relevant to the .{'_-
* ! present study, they are of historical significance indicating: (2) con-
= tinuing interest in concept attainment, and (b) attempts at the classi- §
! fication of variables related to concept attainment, 2
;: 5 In an early article Smoke (1932) reported that negative instances g .

B did little to facilitate concept attainment. Subsequently, Smoke (1933) &
'wi reported no statistically significant difference in efficiency of
j concept learning between all positive or positive and negative instances
N - 4

- on a task in which Ss attained concepts embedded in geometrical designs. ;
; s -y
’3 R Time-to-criterion scores were used as the dependent variable. These f
studies are some of the earliést research in which reference to ? k,

exemplar (positiv:) and nonexemplar (negative) instances is made.
Information Processing in Concept Attainment 2
The nost complete troatment of information processing to date has :

vesn presented by Hunt (1962). Not onily does his book summarize work

done in this area, hut it also articulates an information processing
pPlan for the attainment of concepts. Such plans don't require a ]

|
t0 be cognizant of an hypothesis regarding the relevant attributes of “
¢
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a concept. Rather, through information processing, it is possille to
check the relevance of each dimension successively. Thus information
processing, may be distinct from other attainment procedures.

Hovland (1952) examining more closely the fact that concept
attainment couid be studied in terms of information processing, pre-
gsented a theoretical analysis of the type of multi-level, diunensionalized
stimulus material similar to that used in the present study. He demon-
strated that the relative number of exemplars and nonexemplars varies
as a function of: (a) the totazl number of dimensions involved; (b) the
number of dimensions relevant to a concept, (¢) <the total number of
values used for each dimension, and (d) the number of relevant values
of each dimension. An independent analysis by Herris (1963) concurred
with and extended Hovland's analysis.

Hovland (1952) also discussed the theoretical amcunts of information
potentially conveyed by positive and negative instences of a concept
and concluded that in a restricted situation each potentiaily yields
an equal amount of information. A study by Buss (195C) was cited as
suggesting the correctness of this conclusion in Hovland's article.
Examination of this study failed to show evidence 0f equality of
exemplars snd nonexemplars per se. Buss concluded only that a concept
could be learned with positive end negative ingstavces in a icarning
series.

Hovland and Weiss (1953) subsequently examined the effects of
positive and negative instances on information transmission. Sequentisl |

presentation of figural stimulus material wes made to Ss. §'s task was
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to derive the combination of churacteristics defining the concept.

> avatmed

Results of *L= study indicated that pecsitive instances conveyed infor-
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mation best, mixed positive and negative instances simul tanecusly pre-
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sented convavad information at an intermediate level, and all negative
instances were conzistently inferior to the previous two. Wiile Hovland
and Weiss disproved the notion that conrcents cannot be learned from all
negative instances, no experimental evidence was presented indicating
A that nonexemplars potentially convey amcunts of information equal to
comparaikle exemplars,

Tagatz and Meinke (1966) alse examining positive and negative
anstances found no significant diffevences between the information

yield of exomplars and nonexempiars when the information yield was

\
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exanined independently of a total concept. Thie gave empirical support

m
ha,

to the theoretical for%uiations of Hovland (1952) and Harris (1983).

Sowever, Hovland's (1952) analysis of exemplars and nonexemplars failed

e,

N
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to consider that inter-card relationships can be a source of information

*
~

in concept attainment tasks, as Tagatz (1963) has shown., The present

study was designed to investigate this information processing variatle
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more completely as well as its relationship to concept attainment as
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a whole and other curricular areas,
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Variables Influencing Concept Attainment
In the first Technical Report of the Research and Development Center
forLearning and Re-education at the University of Wisconsin, Klausmeier

et al, (1865) presented a Taxonomy of Variables in Concept learning,

)

.

Major categories involved included stimulus variables, instructional




9 . -
varishlee. response variables, organismic varizoles, and other conditions

infliuencing conceptual learning,

ioe concepi aitainment probliens involved in the present study Qere
selected in an attempt to more completely understand certain stimul:s
variables and to appraise differences among organismic variables, Cer-
tain other factors considered in the Taxonomy resulted in the specific
experimental procedures that were employed, The Tollowing review of
research relative to variables influencing concept attainment considerg
studies related to both of these conditions, and other factors that
helped determine the experimental procedures used, Three subsections
follow:

First, relevant stimulus variables will be considered. Next,
consideration of organismic characteristics will ve examined; and
lastly, material related to other variables which helped to delineate
the procedures of the experiment will be considered,

S8timulus Variables., The effects of intermittent reinforcement of
an irrelevant dimension and task csmplexity upon concept attainment was
studied ky Bourne and Haygood (1959j. _Their task also required Ss to
categorize visually presented stimuli, A repeated measures factorial
design inciuded six levels of intermittent reinforcement (50%, 60%. o -
100%) and three levels of task complexity (1, 3, and 5 irrelevant
stimuius dimensions in addition to the intermittently reinforced
dimensions,) During initial learning the imiermittent reinforcement

facilitated concept attainment, However, it had an inhibiting effect

on transfer probliems in which the irrelevant dimensions became relevant,
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Regarding stimulus complexity, they concluded that incressing the number
of irrelevant stimulus dimensions tends to decrease efficiency. 1In a
supplenmentary report, Bourne and Haygood (1961), using experimental
procedures similar to their previous study, found thst relevant redun-
dancy of stimulus dimensions facilitates §'s periormance on coxucept
ig¢-ntification probléhs. Color and shape were redundaent dimensions in
thelr experiment,

Archer, Bourne, and Brown (1955) studied the effect of the addition
of irrelevant dimensions to a sorting task in which cards were agsigned
to appropriate categories based on figural dimensions, An osciiloscope
was used as the presentation method, ¥Findings indicate that efficiency
of performaince decreases as the number of irrelevant stimulus dimensions
increases,

Archer (1962) found that there was an interaction between obvious-
ness and relevance of stimulus material so that §’s performance was
facilitated on a task of categorizing visually presented stimuli. Archer
concluded that the optimum condition for Ss to identify a concept is
when the obviousness of the relevant information is maximized and the
obviousness of irrelevant information is minimized. Another interesting
finding was that men found the task easier when form was relevant rather
than irrelevant, and the opposite was true for women, Archer coacluded
that the difference was not likely biological, but rather i¢ might have
been the difference in aveilability of distinctive labels by the two
sexes for the various forms,

Organismic Variables, With the exception of certain obvious

physical variables, erganismic characteristics have received 1littie
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attention from the experimental researcher, in the Taxonomy mentioned
previously, five major categsories of organismic characteristics were
articulated; namely, cognitive, psycho-moteor, affeoctive, physical and
socio-cultural, A quick examination of the concept-learning biblio-

grapuy in the same technical report found few articles reporting

empirical findings relative tc any of these five characteristics. It

appears that this is an avenue of resesrch that has been neglected. In

.
() M

discussing this particular problem, Bourne (1966) concluded that
Tesearch in the area is sparsze, primitive, and unsystematic.
Tvo approaches to the research of this area are readily apparent,

The first is the stratification on the basis of the organismic charac-

-} oo _
¥

teristics and second 4s the attempted manipulation of the situation so

as to either identify or produce organismic change.

Flizak (1963) reported a study of the relationsnip of age and
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efficiency of attaining concepts. Two groups of Ss were compared, -

The mean age for the younger Ss wis 21.2 years with a range from 20-25

R

years. The mean aze for the older Ss was 29.4, and the age range we~

25-30 years. In a second experiment a ycung and an old group was

2, VD At S\ Ao 1\
']

again identified with a mean difference of ten years between the two

IR

groups, Ybunger‘gs averaged 21.7 years; older Ss averaged 31.7 years.

Wy,

Time-to-criterion scores on six and fcur concept attainment problens,

3 LR \ I
S

respectively, were the dependent variable., Results of both experiunents

indicated that young Ss are more efficient in the process of attaining

Lo g, )

concepts,

Le g (1963) examined the relationship among divergent and conv -
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gent xLinking abilities and ccncept attainment, §§ for his study
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12
consisted of 40 males and 40 females in a younger group and 40 males
and 40 females in an older group. The numher of statictically g
cant relationships and the absence of significant correlaticas for
either younger or older Ss lead to the conclusion that concept sttain-
ment is not associated with the organismic variables considered in
that study, namely, logical reasoning, grade voint average, ideational
fluency, and spontaneous Zlexibility.

Tagatz (1963) examining the effect of selected variables cn both
information processing in concept attainment and concept attainment
as a whole, included in his analyses the effect of sex difference,
S3 were 72 students, stratified on the basis of sex with equal numberg
of males and females, enrolled in Educational Psychology. The information
processing activities were similar to those used in the present study as
were the concep:. attainment problems, There were no significant
differences in either analyses between male and female Ss.

Memory, also viewed by Bourne (1966) as an organismic variable,
has been researched by Cahill and Hovlane® (1560), Two types of serial
presentations were studied. In one presentation method, instances were
removed prior to presentation of the next in the series; under the
second, all instances remained in view. Msmory effects were sFudied
by comparing the number of cases where guesses as to the concept were
incompatible with information presented in prior instances under the
two conditions. §s who made more "perceptual-inference" and "memory"
errors had greater difficulty in acquiring concepts,

Hunt (1961) presented Ss with a series of figural instances

sufficient to determine a concept after having first been presented
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13
with a series which rresented labzlled instances, the labelling indicating
positive or negative membership to the concept which was to be attained.
&n interference effect was found for iastances intervening betweea the
information transmitting instance and the begianing of the test; i.e.,

a linear relationship was found between the first series of presentation
and the second.

Memory is thus shown to have an effect on performance in concept
attainment tasxs. 7The presen? study was designed to minimize this
source of variance by indicating the membership of a sufficient number
of instances to attain the concept and not requiring Ss to select
ingtances as has been refquired by certain other researchkers, e.g.
Bruner et al. (21956).

Other Relevant Variables. Callantine and Warren {1955) conducted
an experiment to compare concept formation under sintgle and multiple
training problem conditions., The stimulus material consisted of 3 x 3
inch cards containing wwo geometric figures, A card sorting procedure
was used in which six groups of 20 8¢ each sorted cards into four
conceptual categories, The four coincepts were: (a) both color and
form the same, (b) color different but form the same, (c) color the
same but form different, and (d) both color and form different, The
six groups were defined with respect to the training they received.

For example, one group received four different stimulus patterns per
concept, each rereated five times; another group received one pattern,
repeated 20 times, Results indicated that in some learning situations,
human learning is facilitated by training on a variety of voblems of

the same type.
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Oseas and Underwood (1252} studied the attainment of concepts

]

embedded in trichotomous levels of three figural dimensions. 8's
responses to sequentially presented stimuli consisted of alphabetic

letters. The independent variable studied was time between problens.

‘m
ﬁ;-

Massed practice (six second intervals between problems) resultcd in less
efficiency than did distributed practice (treatment ccnditions of 15,
30, and 60 seconds between problems) in coaceptual categorization, The
fact that no significant difference existed between the 15, 30, and 60

second treatments is relevant to the procedures used in the test con-

2 TR N

gtructed for this study, Ss were given a 15 second interval to solve

&an

iaformation processing problems with no less than 15 seconds between

problems.
The Relationship of Concept Attainment and Curricular Areas.
Fewer studies of the relationship between concept sttainment and

learning in curricular areas are evident in the iiterature than one

v DS

would expect when considering the potential significance of such

research. Studies reported in the following gection will present the

vziults of studies regarding the relationship of concept attainment

to the language arts curriculum, the mathematics curriculum, and the

science curriculun,
. Lenguaze Arts., Braun (1963) reported a study designed to examine
the relu.ionship between concept formation ability and reading act.ieve-

ment.of voys in the third, fifth, and seventh grades, She hypothesized

i that there would be a positive relationship between concept formation
’ ability and reading achievement., She also hypothesized that the magni-

tude of the relationship betweca concept formation and reading is
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greater than that between reading and intellisence, The concept attain-
ment task congigted af 20 conceptg with giw scards
There were four words typed in a horizontal line on each of the 3 x 5
cards, and each of the cards contained one word that had something in
common with one of the words on each of the other cards. A S typically
was shown each card and had it read to him., Following this a S was
asked to tell what the concent was that appearad on every card, If it
was necessary, the cards were read to the S a second time. The two
hypotheses were both supported, nemely: (a) there was a positive
relationship between concept formation ability and subsequent reading
achievement, and (b} the magnitude of the relationship between the
concept formation and the reading was higher than between reading

and intelligence,

Bloomer (1961) examining concepts of meaning and the reading and
spel”ing difficulty of words, concluded that the teaching of reading
would be more effective if greater emphasis would be placed upon words
which have specific and concrete meanings, He also concluded that
greater emphasis in making these words meaningful to children would
have significant effects on reading achievement, Concreteness was
represented by the degree of direct contact with the senses, This
was contrasted with terms which were represented by definition
through use of other words,

Mathematics. Elkind {1961) in a study replicating Pisget's
studies of the development of quantitative thinking, used 80 school
and pre-school children who were divided into three age groups, namely,

four, five, and six/seven-year-olds. These youngsters were tected on
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three types of materials, namely: manipulation of sticks, liquids and

beads., They were also tested on three

g

neg of quantit
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namely: gross quantities (which are defined as single perceived rela-

tions between objects, i,e,, larger than, longer than}, A second and

R N
n -

Z more complex type of quantity is intensive quantity. These are per-
ceived quantity relatizns taken two by two: 1longer and wider, taller
and thickar, The third is called an extensive quantity, Extensive
quantities are unit relations between objects: X is half of ¥, X is
twice ¥, etc, The snalysis of variance showed that success in comparing
quantities varied significantly with age, type of quantity, and type of
material. The correlations for types of materials were positive, high,
and significant, thus supporting Piaget's assumption that a common
conceptualizing ability underiies children’s success in comparing
quantities with different materials, The correlatioa of scoras oz the
tasks previously described and WISC scores were positive, generally low,
and only sometimes significant. This suggests that the ability to
conceptualize, or concept attainment ability as it might be called, is

only partially dependent upon intelligence.

Freyburz (1960, studied the rclationship between genoral intellec-

£ n - — -. “ l- -
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tual ability, conceptual development, and attainment in arithmetical
i computation and arithmetical problem solving and speiling., One

hundred and fifty-ome children, whose ages ranged from six to nine

R - ik

years were the Ss for the study, A 72 item, objective tes” of roncept

development was used, Items included tests of conservation of quantity
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and weight, of numerical correspondents, of additive composition of

numbers in classes, and of concepts of position in space, speed, kinship
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and causal relationships. Higher correlations were found between mental
age anq concept attainment than hetween concept attainment and chrano-
logical age. The author also stated that mental age and conceptual
development scores showed only a moderate degree of association.
Freyburg concluded that children's school performance associated with
aspects of conceptual development is not adequately assessed by conven-
tional intelligence tests,

Feigembaum (1963) conducted an experiment to test whether Piaget's
explanation emphasizing logical cperations occurring in a variable
stage system is sufficient to account for success or failure in under-
standing the principle of conservation. Several tests of correspondence
and conservation were used. For example, the Ss 1in one treatment were
presented with 20 beads 211 of the same dimension. They were instructed
to drop simultaneously one bead into one glass and another bead into a
second glass of the same dimension., After putting all of the beads
into the two glasses, Ss were asked the followinz questions: "What
glass has more beads in it?" "Do the two glasses have the same number
of beads?” "Can you tell me why?' Thus, correspondence was measured,
In 8 test of conservation'g iook the beads that the S had put into one
of the glasses of equal size and poured them into glasses of smalier
dimensiong, causing the level of the peads Zn the smaller glass to
appear tigher than the level in the other zlass, ‘The Ss were then
asked the following questions: “Which has more beads in it?" "Or
do the two glasses both have the same number of beads?’ "Can you
tell me why?"' In this way conservation was tested. S5 for this study

were 90 students from nursery and elementiary schools. Their ages
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ranged betwieen four and seven which was similar to Piaget's original
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concept was not defined by definite ages or stages, rather §s’ abiiity
to solve the tasks used in the study were suggestive of a gradual

development. The data also indicated that the children's grasp of

HE N

the conservation concept tended to vary with their IQ and with the

nature of concrete experimental operation.
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Science, The last curricular area to be congidereu is the sclence

curriculum, The studies considered here pertain to Ss' attainment of
concepts related to science,

Nelson (1958)(1360) reported that children from grades four, five
and six can achieve significant gainz in their understanding of concepts
and principles related to light and sound when they are given instruction,
There were no significant differences in improvement, however, associatad

with the grade level of the pupils nor the sex of the Ss,.
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King (1960) studied children’s responses to seventy questions

&
e

related to science concepts. The guestions were organized around

five headings: a) concepts of length, veight, time, and direction,

*) concepts of mechanics, lavers, and vheels, C) concepts of living
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things and seasons, d) concepts of volume and weight, and e) concepts
of shadows and sections, Vorking with 1,811 children whose ages ranged

from five to twelve years, Zing found a gradual development of the

reasoning abilities of children, This {finding of a gradual development
of the reasoning processes was interproted by the author as nonsupportive

svidence of Plaget's stages of development,
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Atkin (1961) selected brightor than average children, IQ scores over

105, in grades four, five and six., They were given twenty-five sessions

o v 4 . .
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of iourty-iive minutes each, The content of the material presentzd to
the Ss was iolated to concepts and principlos of astronomy, He found
that the Ss wore interested in the sessions of estronomy, that the Ss
were able to conceptualize many of the topics that yere presented, and

that boys participated in classroom discussions more freely than girls,

Cger boe y
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In a later study, King (19€3) used only twenty quostions related

to science concepts, His Ss were 3G8 boys and 433 girls who ranged in

% ) age from 5 years and 4 nonths to 17 years, 3 nronths, He found the

rate of growth of scientific knowledge of boys and girls to be similar
;i at the primary school level, Xnowlsdge of science concepts, however,
| was siguificantly greater for boys et the sacondary school level,

Four concept attainment problems were given to high schocl
sophomoras by Olson (1963), Two problems were related to science.
Cne was concerned with reciprecating motion, and the other with levers,
Olson found no sex differences for three of the concept prowlems, but
koys scored significantly higher than girls on the lever concept pr.blem,

Furthermore, there were no significant differences in concept attainmeni
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when only positive instances were presented compared with both positive

and negative instances presented togetaer,

Nk e

It would seem from these studies concerned with children'’s acquisi-

W

tion of science ccncepts that boys and girls do equally well in the pri-

mary grades, Boys may, however, do beti>r with certain concepts at the
secondary level, Rather than pointing to a physiologicel difference to

account for these findings, it would appear more tanable to hypothesize
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that boys may develop differential interests compared to girls or that
they develop better verhal referents to handle some scientific concepts,
The failure to support Plagoet’s stages of development related to reassoning
might be attributed to King's cross-soctional approach vather than the
study of one individual 1ﬁtensively over time,.

Summary

In this review of related research the nature of concepts and sous
early studies of concept attainment have been examined, Studies of
information processing in concept attainment hawve teen reviewed, Then
gslected variables influencing concept attaimment on todo which are
related to variables under consideration in the present study ware
examined, Finally studies concerning the rolatinnship of concept
attainment to curriculer arcas have been reviewed,

The tybe of concepts used in the present study sie conjunctive in
naturs as defined by Bruner et 8l. (1956). Research dealing with types
of concepts indicates that the corjunctive type is the easiest for Ss
to attain, disjunctive the most difficult, and xelational internediate
in difficulty. The present research is concernsd with the conjunctive
type which appears to be mest common in human use.

Concerning information processing in concspt attainment, Hovland

(1952) appears to have »resented the first complete aralysis, He

-demonstrated that the theoretical amount of information potentially

convayed by positive and naegative instances was equal in restricted
situations, This was empirically validated by Teagatz and Meinke (1968)

for information processing tasis, but these information processing tasks

wore somewnat dissimilar from certain ocher concept cttainment tasks
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The present study was designgd to ascortain the relationship of both of

these types of tasks and curricular achievement.

Variables influencing concept attainment examined in this section

. - T
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concernad stimulus variables, organismic variables, and other variables 4

concerning procedures, Regarding stimulus variables, several generaliza- 5

tions seem established: (a) Increasing the amount of irrelevant informa=-

1
74 v
L

tion decresses efiiciency of concept sttainment, (b) Redundancy of relevant .

’,
‘S

dirensions facilitaies S's performance, (c) The optimum condition for Ss

to identify concepts is when the most obvious dimensiocns are relevant and

vhen the more obscure dimonsions ars irrelevant to & concept to bs attained.
It was concluded that the present understanding of organismic variables

is limited. Sex differences involving older Se were not evident., MNewory,

»
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algo viewed by Bourne {1966) as au organismic variabie, was found to he

significantly related to concept attainment vhere Ss gelected and wers

required to rstain informeiion through card sslection activitdes.
Msthodological variables were also examined, Here, too, some

conclusions seem established: (a)} Performence decreases as delay in

feadback increases, (b) Incresasing the amount of incorrect feedback

decreases efficiercy. (c) In soms learning situations, human learning

.
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is facilitated by multiple prcblem training, Tha present study controls
feedback in that feedback occurg during problems follcwing each concept

offored by the S,

(I )

Finally, studies concerned with the r»clationship of concapt attain-

ment and curricular areas were considerad, The curriculs 7. cas were

\] “ ’
LR N N

language arts, mathematics, and science., These studies seveal specific

and general findings,
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Specific conclusions Zound weve: &) Conoept Zormation ability is
rolatod to reading achiovement to sven & greater oxtent than reading
schievement ig related to I, 3, bH) In teaching reading the recommsnda-
tior was made thet emphasis should be placed upon words with specific
and concrate msaning., o) One study supporte Plagot's sssumption that
some cormony concaptual ability underlies the child's success with tho
copparison of gquantities of differsntial mattor,

Thore seconms to be emerging soms consistont general findings that
*Mm acress the curxicular arcas: 3) Tests of intelligence acw in use
do not assess the child's school performancs associated with conceptual
developmsnt, D) Boys and girls sevem to develop compatamcy with concepts
at alout the gsame rate during the primary school years, VWhen sex
difforences are found, thoy geuerally apnear at the secondary school
level and rslate to specific cencept »robiems, o) Plaget's stage
theory of reasoning ability was not generally supported, but, rather,
there soemed to be & gradual or general deveiopnmental trond in childrea's

reesoning ablility associated with concept acquisition,
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CHAPTER 111

PROCEDURES AND EXPERIMENTAL DESIGN

Subjects

Subjects (Ss) for the study were 20 males and 20 females each from
three grade levels--geven, eight, and nine, Thus, a total of 120 Ss
participated. The stratified sample was selected from & total of 207
Ss enrolled in Junior High School at the Campus Laboratory Schkool at
Indiana State University,

This pool of Ss represents a wide range of ability levels. The
average IQ for the students studied was 105, with a range from 71-145.
The area in which many of these students live is presently the object of
urban renewal plans, Hence, the low end of the socio-economic continuum
is represented, Additionally, approximately 1% percent of the school's
enroliment consists of children of professional people. Thus, the
extremes of the socio-economic continuum ares well represented, Normal
pronoticnal policies are practiced within the school and, as a result,
tynical age increments exiszt among the grades used. In summary, the
students used were representative of & wide range of social and economic
factors and intellectual abilities, Hence, they were considered excel-
lent Ss for this study.

Experimental Materials

Stimulus materials for concept attainment tasks traditionally

possess characteristics by which similarities and differences between

instances can be observed., In this way, universes are fabricated by
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experimentiers. Fabricated universes have the advantage of being manipu-
1818l readily, The present study makes use oI this adva

'The information processing tasks and the corcept attainment problems
in this study used as their material base an array of 64 stimulus cards.
Six attributes were represented on 2acu card by one of two defining

characteristics, These six attributes and their defining characteristics

were:
1, Border Numbez: One or Two
2, Border Type: Solid or Broken
3. Figure Number: One or Two
4, Figure Size: Large or Small
S, Figure Color: Red or Green
6., Figure Shape: Circle or Ellipse

Each card was different from all cther cards on that display in at least
one of the dichotomous defining characteristics, Each defining charac-
teristic appeared on 32 cards; its pair appeared on the remaining 32
cards,

This stimulus comstruction permitted the categorization of cards
on the basis of dimensions, Regarding the categorization process,
Bruner, et al. (1956) stated: 'To categorize is to render discriminably
different things equivalent, to group the objects and eventc and people

around us into classes, ond P zmspmd to them in terms of their class

1The roader's attention is directed - to - Hovland (1952) and
Harris (1963) and Tagatz (1963) for more detailed discussions of this
type of stimulus construction,
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membership rather than their uniqueness.,” The cards on the display were
discriminably different in one or more defining vcharacieristics; they were
ninimally sizilar in that they were all members of the same wniverse, 2.6.,
18 51X dimensions, oSt cards snared one or moye
identical defining characteristics, In this way they could be equivalent,

Information Processing Data, For the information processing tasks,
3lides were used showing various ceards from the stimulus board described

above, Directions {see Appendix I) were also prepared for the purpose of

instructing §s about information processing,

Sixty slides constituted the information processing test. Two addi-

{i tional slides were presented for instructional purposes prior to the

presentation of each half of the test, The first half consisted of items

in which one card, either an exemplar or nonexemplar, was presented in

1
AL B s
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addition to an exemplar focus card. §s' task was to specify the inclu-

’
oy
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sion, exclusion, or indeterminance of still another card to membership

in a group of cards exemplifying a concept. Problems presenting exemplars
numbered 15; those presenting nonexemplars numbered 15, In these 15
exemplar items, 10 test cards, i.e., the cards for which membership was

to be determined, were definitely exemplars of the same concepts that

the focus card exemplified, The memhexrship of the remaining five test

s ‘-h .
i nlt S oot B b |

cards could not be determined, In the 15 problems presenting a focus

PGy
':’~’:7Q§&.._

card and a nonexemplar, 10 test cards were definitely nonexemplars and

five were again not determinable. Thus, these 30 problems could be

R
o~ otk

scored on the basis of information presented--15 exemplars and 15

nonexemplars~~or it could be scored on the basis of test card member-

,:ﬁ'v'g‘ l

ship--exemplar, nonexemplar, snd cards of indeterminant membership,
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gg (See Fig. 1,) These three conditions of membership for test cards
constituted the response options available to Ss,
g] Subtest One Subtest Two }
' \
E ; 1 31 !
: 2 32 !
: 3 33 ]
, 4 34 \
¥ - 5 35 - Inclusion |
; & 36 ‘ ;
/ 7 37 ‘
Exemplars
E prars’ 8 38 : 1
: o 39 ; |
: 10 40 i :
o e e em e e m e emem e e-e. - o - ,
§§ / 11 41 : :
: 12 42 | f
5 : 13 43 }
ig } 14 44 !
¢ : 15 45 Response '
Stimulus l\. \ Indeterminance Optgons :
iPresentation ' ’
; 16 46 ]
' 17 47 ! ,
E \ 18 48 ~ ;
‘ | 19 49 ; !
i a 20 50 i :
= : e
; 21 51 :
{ 22 82 i
_ Nonexemplars 23 52 }
| L 24 54 !
' ‘ 25 55 {
f } 26 56 ; Exclusion i
E 1 27 57 ' i
; i 28 58 ! !
\ 29 59 ;
; 30 60 } '
‘i 1] 4
& | ~ '
§ Fig. 1. Inferrmation processing tasks showing stimulus presentation

and corresponding response option for Subtest One and Subtest Two. The
order of presentation of items within subtests was random,
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The second 30 items were constructed using the same focus cards and

EX1]

test cards as the first 30. The information presented in addition to the

7 - \
B T S\ VU M N

exemplar focus card consisted of two cards rather than one as in the

£

e o L

£

iirst subtest. One of the two cards for each problem was an additional

exemplar; the other was the same .n kind as its counterpart in the first

»
b

o
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30 items, The answers to the 30 items of Subtest Two were exactly the

same except that the information presented about the test card in the

poo On
LYY NI W T

second subtest included the additional complezity of one carg,
ff% Concept Attainment Tasks, TFor the concept attainment problems the

64 card stimulus display was used, Directions were prepared for instruc-

YL (T ¢ gy
i .

tion of Ss as to the procedures of concept attainment, (8ee Appendix II.)

Markers specifying exemplarg nonexemplars and'an exaomplor focus card yere

used to specify the membership of cards to the conceptual category for

:

i the respective problems, A stop watch was used as a timing device,

]

Figure 2 is a replication of the answer sheet on which.g responded with

- L 1 [~
e 23 1. Border Number One () Two (> i [ &
¥ i | £
3 2. Border Type Solia () Broken () l ?i
. ' ¢ g
-9 : .
“d 3. TFigure Numbter Cne () 1Two ) ; A
VB Eé 4. Figure Size Large () Small {? i ‘
‘::‘: 1 K i
i S. TFigure Color Red () Green ) i
% | le () B ;
S 6. Figure Shape Circie () Eiiipse ()
: i

i fe
dl

’ Fig. 2, Ansvwer sh:et on which Ss marked their responses to the ] g
e concept attainment tasks,

3

his concept, This was done by checking the relievant defining character-

e istics of the various attributes, Summary sheets on which complete data '
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_ for each problem were recorded were prepared for all individuals, (52e
| ﬁ Appendix ITI.)
= The problems or concept: to be attained were "soiid border wiih ome-
, ’, Eﬂ red f£igure” and "broken borders with small-elliptical figures,” Each of

these concepte was used twice. The concept was presented through exemplar

. T
> . N 160
PO RTR RN e S ik e
somy S s
oy AR hY
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instauces in the fivst situation and through an exemplar focus card and

nonexemplar instances in the second situation., Figure 3 indicates a
verbal description of the defining characteristics of each attribute of

the cards specified as illustrating or not illustrating the concept,

on 3

Achicvement Test Data, Prior to data collection, four factors had

EVNOR

been hypothesized from curricular sress as potentially being related to

g? o information processing anrd/or concept attainment, These factors were:

numerical, verbasl, socisl studies, and science, Tests from four stan-

dardized achievement batteries were used as data gathering instruments,

A | LRARS

These were: (a) California Achievement Tests, Form W; (b) SRA

TEE

Achievement Series, Form A; {c) Stanford Achievement Tests, Form ¥; and

,f : (d) selected tests from the Sequential Tests of Educational Progress.

Figure 4 indicates the hypothesized relationship of these tests to the

factors. A total of 30 achievement itusts and/or subtests were adminis-

i T AN

tered,
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Experinecatal Procedures

Data of three typss were gathered for subsequent analysis in the
study, These were: (a) scores on the informaticn processing test,
(b) time~to-criterion scores for the concept attainment problems, and

(c) achievement test scores representative of the curriculum of the
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CONCEPT 1

Broken Borders with Small ELiiptical Figures

Exemplar Pregentaticn - .:.

Nonexemplax Presentation

FOCUS CARD

Two Borders
Broken Borders
Two Pigurcs
Smell Figures
Red Figures
Ellip. Figures

SECOND EXEMPLAR

Two Berders
Broken Borders
Cne Figurs
Red Figure
Smalli Figure
Eillp., Figure

IRST EYELDIAR

- ————

Two Borders
Broken Borders
Two Figures
Green Figuces
Small Pigures
Ellip. Figures

THIRD EXEMPLAR

One Border
Broken Boxder
Two Figures
Red Figures
Small Figures
Ellip, Figures

DANIC MADDN

& WY WU WESAVES
>

Tys Borders
Bxcken Boxdewrs
Two Figures
Small Figures
Red Figures
E1l1lip, Ficures

SECCRD NOMNEXEM,

Two Borders
Sclid Borders
Two Figures
Red Figures
Small Fipgures
| Ellip, Figures

BYHOM WOATDRZIMT AD
& SaWI & SINATIRNDIIIIE HEZLY

Two Eorders
Broken Berders
Two Figures

Red Figures
Small Figures
Circular Figures

THIRD NONEXEMPLAR

Twe Borders
Broken Borders
Two Figures
Red Figures
Large Figures
Ellip. Figures

CONCEPT II

Solid Borliers with One Red Figuxe

Circular Figure

SECOND EXENDIAR

Two Bordexs: -
Solid’'Bordexs
Ono Pigure
Red Figure -
La¥ge .Figure:
Ellip, Figure

Circular Figure

THIRD EXSMPLAR

Tvwo Borders
Solid 3orders
Cne Figure

Red Fipurs
Smail Figure
Circular Figure

Circular Figure

SECOND NCNEXEM,

Two Borders
Solid Borders
dne Figure
Green Figurs
Large rigure
Circulaxr Figure

Zxemplar Presentatioa Nonexemplar Presentation
FOCUS_CARD FIRST EXEMPIAR FOCUS CARD FIRST NONEXEMF_AR
Twe Borders One Border Two Borders Two Borders
Solid Borders Solid Border Solid Borders Broiten Bordexs
One Figure One Figure One Figure One Figure
Large Figure Red Figure Large Figure Red Figure
Red Figure Large Figure Red Figure Large Figure

Circular Figure

THIRD NONEGEIPIAR

Two Borders
Solid Borders
Two Flgures

Red Pigurses
Large Figuves
Circular Figures

J

Fig. 3.

for cards vhich exempliified or did not execmplify the twoc concepts presented
through exemplar focus cards and either exemplar or nonexemplar instances,

N T g s s ot i o = e s

Verbal description of the defining characteristics of each attribute
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I. Number II. Verbai II¥. Social Studies
5 E SRA - Arith. Reas. A, Vocabulary Stank, - Soc, Stu,
e = SRA - Arith, Conmp, SRA = Chsyrts
3 Stan?, -~ Arith, Comp, Cali?, - Read. Vocab. 8RA - References
* Stanf, - Arith. Appli, SRA - Read, Vocab, STEP - Scc. 8tu. 1
Calif. - Arith’ Reaso STEP - SQC. Stu. Iq
STEP - Math IX B. Spelling
Stenf, -~ Spelling IV. Science
Calii, - Spelling
SPA ~ Lang. Arts Stanf, « Science

STEP - Scieiice
C. Reading Comprehension STEP ~ Science Il

2tanf, - Para, Mean,
Calif, - Read. Compo
SRA ~ Read, Comp,.

D, Cremmay

Stanf, ~ Lang,

Caiif, -~ ¥ech, of Enz,
SRA - Lang, Arts I
SRA -~ Lang, Arts il

Fiz. 4. Hypothesized relationships of tests to four achievement
factors.

NP7
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Junior high scheol w.thin which conceptual behavior is evident., Description

of the procedurss followed in gathering these three types of data follow,

/ E
é Information Processingz Data, The E went into the classroom to test
iﬁ i the Ss in information processing. A screen and lantern slide projector

were set up beforehand. There were approximately 30 Ss in each class-

roon who were tested as & group. The classroom tescher remained in the

room during the testing,
Directions with attached enswer sheeis and penciis were passed out

to eack §. The‘g read the directiors aloud while the gs read along
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silently, (see Appendiz I.) The 64 card stimulus display board, as
described previously, was used to doplct the six preperties or character~
istics of each card, It was placed prominently in view and referred to
when appropriate., An example of the first task to be eslved by the Ss
wag presented on the screen and explained to them. There were three
cards in this example: (Figural characteristics of each card are

semantically preosented in this report,)

Focus Card Yes Card Test Card
Border Number: One Porder Number: One Border Number: OQne
Border Type: Broken Border Type: Broken Border Type: Broken
Figure Number: %wo Figure Number: One Figure Number: One
Figure Color: Green Figure Color: Red Figure Color: Green
Figure Size: Large Figure Size: Large Figure Size: Small

Figure Shape: Elliptical Figure Shape: Circular Figure Shape: Circular
The Ss wers to determine if the ‘est card was: (a) ¢ "yes" card (an
example of the concept), (b) a "no" card (not an example of the concept),
or (c) a “can't tell” eard (not enough information presented to determine
the card's nembershin), Thirty problems sach containing three cards--a
focus card, either a yes card sor a no card, and a test card--were to be
solved by the Ss. They were to fill in their answers ("yes," "no," or
"can't tell") on an IEM answer sheet for these 30 problems. There was
a 15 second interval between the presentation of each slide.
Directions for the secord task to be solved by the Ss were then read

aloud to them, An example of this type of problem was presented on the

screen and explained.' The second task was similax to the first except

- - o - N . P S P NI i I i i et I e o 'w?—*’;‘&_’gj__‘xj‘ !
LRI S AN . § S T 47 X o = - - 7Y




I} Bl .- i R - : - . e F4 g - - P e
A e AR K4 o oz = . s g oy ey £ s va o A R B e R T A T N I e i TR T
ol T TR e e R0t oo T BT m B DTSR A R BB ARl B T e DI LT PO TR I, s e =T S
?
o3

»

7
XY
.. 2
s
-

32
that four cards rather than thrze were used, In this way, more informa-
tion was presented to the Ss. Each problem in this group used the same

focus card and test card as in the respective item in the first half of

* o~ .
At
N N

the test, A 15-second intervai was again used between the preséntation

by

»\. ‘l ~

., e 3 .
_—_

of each slide, and again 30 slides were presented to the Ss. The Ss
answered either: (a) "yes," (b} "no,"” or (¢) "can't tell" to ‘hese
30 problems, also on an IBM answer sheet.

Upon the completion of the ¢wo parts of this snformation processaing
test, the imstructional bookiet and the answer sheets were collectsd from
each S, At this time, they were asked not to divalge the nature of the
activity to members of other ciasses in the school. They were also
informed that they would be participating in additional activities, and
as a result their cooperation was requested,

Concept Attainment Data, The'g picked up each S at his classroom
anid took bim to the room in which all of the concept attainment data were

c~llected, This room was sbout the size of a classroon and contained two

I W
’ N
Ny oY
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degsks and a iarge rectanguiar table. The 64 card stimulus display, as
described previously, was laid upon one end of the table. Directions
for these concept attainment problems (see Appendix IX') were placed just
below the edge of the aﬁiﬁulus display in - froni: of the: 8s,.

E sat across from S. Again, directions were read aloud to the S as he
read them silently. These directions presented a review of the charac-
teristics of the stimulus aisplay snd the meaning of 'conceptual
categorization, S was shown how to respond with the concept when he

thought he knew it by using & special form illustrated previously in

* Fig. 2.
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Each S was then required to scive four problems. These four nroblens
consisted of two concepts; vach presented through exemplar and nunexemplsr

instances. These four problems could be examined on the basis of:

an M e

(2) exemplar presentation and nonexemplar vresentation; (b) probiem
(concept) one or problem (concept) two; or (¢} the interaction of

problem by exsmplar-nonexemplar,

An exemplar focus card, along with the taree sdditional exemplare

or three additional nonexemplars was presented for each problem. Each

card varied one dimension from the exemplar focus card, Thus the

v o 7 78
s ~ te 3k S e :
e Sl A 5, . SEREYS e X2

dimensions of the concept were delinecated through either {(a) the one
dimensional difference of each nonexemplar or (b) the commonality of
dimensions of the three exemplars and the focus card. All of the pre-

sentations of these four problems were vandom. Markers were arranged

B
¥
1
4
#
2
3
2
e
Lo

specifying the exemplar focus card and other exemplars or nonexemplarg,

iy

A N S e

goaw
/

Timing was begun upon placement of the last marker. When S offered an
hypothesis for a concept, he checﬁéd the relevant characteristics on the
s1ip whick was provided for him, (gee Fige Z¢) E read tke concept back
to him., If he was corre-t, E said "correct” and the problem was over.

If he was not correct, E said "nov correct; continue" and S again attemp-
ed to determine the concept. Upon the completicn: ef each provlem, time-
to-criterion was recorded, 1If s S feiled to scivaz a problem within a
15-ninute time interval, E terminated that problem by indicating the
relevant characte;ietics of the concept and articulated how the concept

might have been attained from the information presented. The session was

terminated and S returned to his classroom when all four problems had

:
i
:
I

_i been completed, He was asked again not to divulge the mature of the task.,

) I
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Achicvement Test lLiata, Achievenent tegts were administered inter-

mittently throughout the second semester. Seventh and eighth grade Ss

PN
I PV
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were tested as one group; ninth grade was another group. Both groups

typically were given the same subtests on the same day.,

The room used for testing was a b»allroom of the Tirey Memorial

e .
s N
v w P
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Union building at Indiana State University., The room was equipped with

a public address system for the presentation of directions and was

..,

R R NG

R RS
[ i

adequately lighted and ventilated., Tables provided ample working

space for Ss. S8s were accompanied to the testing room from the Labora-

Ty

tory School of Indiana State University by their tescher., The teacher

remained until after testing was underway,

The publisher's directions for administration were followed for all

tests, Tests from the following achievement batteries were administered:

(2) California Achievement Test, Form W; (b) SRA Achievement Series,

Form A; (c) Stanford Achievemeni Test, Form W; (d) Sequential Tests of

Educational Progress, Form A, After the administration of tests from

=y
)

the respective batteries, an interval of from onz to three weeks was

e

allowed, During this time no achievement testing was undertaken,

Analysis

Information Processing and Concept Attainment Analyses, The
information processing scores were analyzed on the basis of (a) stimulus

presentation and (b) response modes using analysis of variasnce procedures.
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Because these two conditions were not orthogonal in the design, a separate

analysis was undertaken for each, Figure 1 showed the stimulus presen-

e i

tation and corresponding response options for the subtests ianvolved in
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the information processing test, Through an examination of Figure 1 the

reason for the two separate analyses becomes apparent. These two analyses

a4

consisted of exemplar and nonexemplar items from each of the two subtests.

i WSrS $Xacily the same Io¥ ihe examination of the organismic strata, 1, e.,
’E ii gex and grade levels; but the analyses were different on the basis of the
> = repeated measurss, 1, o,, stimulus presentation or the response option,

: As a result, the interactions of orgenismic strata and the repeated

x; | meagurss were also different,

;f A 2 x 3 factorial design with repeated measures was used for the

»—: analysis of stimulus presentation, As indicated, the two level and three
;% : level variables wers s3x and gra&e, respectively. The repeated measures
s

In the analysis of variance performed on response cptions, the analysis of

sex and grade--egain in a 2 x 3 factorial design--was identical to the

. L oy
B e T N A R

previous analysis; but in this analysis there were three response options

as repeated measures rather than four presentation modes. The procedure

0t -
N

discussed by Greenhouse and Geisser (1545C) for o conservative test of

R
MR TN

repeated measures was usad in these and other analyses involving repeated

V% AN
a f

» §° b
H itk NSO R0 1 o

D

I

ol 3 N Rl 3¢ 1 I NG e

measures,

'
I

‘The time-to-criterion scores from all concent attainment problenms

were also analyzed using analysis of variance technigues. Again, a2 2 x 3
factorial design with repeated measures was used. The binary and tertiary
varlables were agein sex and grade level, The repeaied measures in this

instance were the four problams or concepts to be attained, These four

5

problems weie arranged in @ 2 x 2 factorial pattern. Since exemplar-

nonexemplar differences and problem differences could bo appraised, the

interaction of exemplar by problem could ke analyzed, For & more complete

description of this analysis see Tagatz (1963).
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Because these problems were administered in a random sequence to the
Ss, it was possible to further examine these data to determine the gffect
of ordinal position on efficiency of concept attainment., This analysis

of repeated measures was also undertaken,

Duncan’s Multiple Range Test was used as an‘g'posteriori.test to

identify statistically significant differences in comparisons involving
mose than two groups., 1In order to reduce alpha error, the largest value
was used in all comparisons,

Achievement Test Scores. After the answer sheets had been correct-
ed, scores from the achievement tests were made available to the school
providing the Ss. As these batteries have been standardized, no further
analysis was undertaken to determine grade level increments and sex
differences or grade by sex interactions., Rather the relationship of
the achievement measures to each other znd to the information processing
and concept attainment problems were examined,

Factor Analyses, From the intercorrelations of the 30 achievement
tests, 16 tests representing the five relatively distinct curriculspy
groupings were selected for aralysis. This subset of the total of the
test batteries yag selected by establishing the curricular validity
of the fifteen tests usins the convergant~divérgent moproach 6fithe
Canpboll and Fiste (195€) multimethod-multitrait matrix. ThoJe achieve -
ment tests which teaded to be heavily confounded with several currisular
areas were purged from the battery. Additionally, 14 tests representing
concept attainment and information processing were included for analysis,

Recall, bowever, that the information processing instances were arranged
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by type of information presentation and then Ly response option: the depen~
dencies developed by this operation required the separation of these tests,
with the schievement and concept attainment tests, into tro s~»arate
matrices of intercorrelations,

Each of these separate sets of datawkg analyzed using two date
reduction models, Alpha Factor Analysis, Kaiser and Caffrey {1963) and
Incomplete Image Analysis, Harris (1962). The two models were seiccted
because of their scale-free characteristics., The first, the Alpha
solution, rescales R~Uz in the metric of the common parts, The second,
the Incomplete Image solution, rescales R-52 in the metric of the unique
parts, The factors of both solutions were rotated to the Harris-Kaiser
(1964) oblique criterion; and the L matrix, the factor intercorrslations,
vere examined for relationships among curricular areas, concept attain-

ment, and information processing.
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CHAPTER IV =
]
RESULTS
The results of the study are presented in the zeneral order of the i
& .

jucstions s*ated in the problem secticn of this paper., Because of their
interrelationship, the third and fourth questions are considered in a
combined section., The specific questions were:

1, What are the effects of the following variables upon information
processing in concept attainment tasks: (a) grade level-- E
seventh, eighth, and ninth; (b) sex; (c) exempla~ or nonexemplar
stimulus bresentation; and (d) exemplar, nonexemplar, or inde-
terminant response opticns? 2

2, What are the effects of the following variables upon concept -

attainment: (s) grade level-=-seventh, eighth, and ninth;

NS WEd 2 WNR S AR EE R 59
.
t

(b) sex; and (¢) exemplar or nonexemplar stimulus presen- i

tation? ?‘?

3, What are the common factors that account for’the relationships §~:
among the concept attainment tasks and curricular a&hievement :

teste? f‘

4. What are the relationships among laboratory variables and the- ;:i

\} curricular areas as determined by obiique relationships of the ;5‘
common (task and curricular) factors? ;;

Information Processing, Table 1 presentz the results of the 5;;

analysis of variance of scores lased on the exemplar-nonexemplar stimu~ ij

B,

lus presentation of the information processing tasks., Two sources of ié
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TABLE 1
Analysis of Variance ~f Score: Based on Exemplar-Nonexemplar
Stimulus Presentation of the Information Processing Tasks
I e e - i e e e e — = e ]
Source SS df MS F Level of Signifi-
cance
Organismic Strata (0S) (369,71) (73.94) (4.20) {.01)
Sex (Sg) 13,00 1 13,00 €1.00
Grade (G) 197,21 2 S.60 6.54 01
S, x G 159,50 2 79,75 5,29 .01
Sa8/0S 1,718,62 114 15,08 B
f—— e — — ——— = — e e i S S s it
Repeatad Measures (RM) 34,61 3 11,54 2.44
?S X Rl 24,81 15 6,32 1.34
58/0S x RM 1,614,33 342 4,72
Grand Mean 25,974,€2 1
Tetal 29.807,00 480

variance were statistically significant, both at the .,0i level, These were

the grade level differences and the sex by grade level interaction, There
was not a statistically significant difference between the males and fe-
me'es nor between the repeated measures--in this instance corsisting of
differences betiween exemplar and n..uexemplar presentation,

Table 2 presents a further analysis of the significant difierences

TABLE 2
Mean Scoves Tor Grades Ssven, Eight, and Nine and Duncan's Range
e

From Scores Based on Exe” blar-Nonexemplar Stimuius Presentation
of the Information Processing Tasks

YOI N N L

f-———— —— e e e e e e e e e e b e e — ]
Grade 7 Grade 8 Grade 9 Duncan's Range
’;:::. .
— ‘i !
s i 27,95 28, 00 33,62 3,48
-".‘
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among the grades., Duncan’s Multipie Range was .48 in tais instancs,

indir .ting that the statistically significant difference resulted bocause

-h
the Gth ~rraeds was

rom bolha the 7ih and 8th grades, but that

~

the 7th and €th grades were rot statistically, significantly different

e

:
i}

=
A
«,17

W

% incvease in the ability {- -~~gcess information of the type involved in

g 1

from each other. Tie mean for the 7th grade was 27,25, for the 8th grade

28,00, and for the Sth grade 33,62, These data suggest that there is an

these tasks across those grade leveis with the iargee cheige occurring
between the &th and Sth grades, Thase findings are consistent with the
theorstical formuliaticu by inﬂelder and Piaget; namely, that analytic-
typs thinking has its begimning at about the onset of adolescence and
increases rapidly durinz the next several years, They found specifically
that little analytic-type activity occurred prior tc age 12 and a great
deal was being used by age 16.

Table 3 indicates differential rate of development of ability to

TABLE 3
Mean Scores for Interaction of Grade by Sex and Duncan's Range

From Scores Based on Exemplar-Nonexemplar Stimulus Presentation
0of the Information Processing Tasks

‘ﬁw

Grade 7 Grade 8 Grade 9 Duncan's Range
ﬁ Males 24,85 30.60 30,85
5.41
;.j Females 2€,65 25,40 35.20

e e e = =& L

»

B .

perform the analytic-type tasks for males and females., Seventh grade

s ol
A
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maies were significantly less efficient than were 8th and 9th grade nales
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and Sth grads females,. Saventk grade females were sipnificantly
deso.cfficient than 9th grade femeles, Eishth grade femalzss were
significantly less efficlent than Oth grade females and

wilcgy  While 1t can be concluded that there is a diffe¥ential rate of
developuen. of analytic ability in males and females of the grades studied,
the complexity of the interaction suggests that adultional information

is necded.

Table 4 is another analysis performed on the scores of the informa-

ot

ion processing tasks, In this instance, however, the response options
TABLE 4

Analysis of Variance of Scores Based on Response Options
of the Information Processing Tasks

I —

2 S S e———— i r——— ——t .
—— -

were of a different type. It will be recalled from Fig ¢ that three

¥ Source SS df MS F Level of Signi-
3 ficance
¥
K|

| Organismic Strata (0S) 492,9€ 5 98,60 4.90 .01

e Ss/08 2,2¢0,97 114 20,60

l';.j i Response Options (RO)1,304,22 2 652,11 50,79 .01

| 0s x RO £0.88 10 8.0 ¢ 1.90
3 : §s/0S x RO 2,926,73 228 12,84

e — e e e S T— L), S———— ]
'vC I Grand Mean 34,633.22 1

&

& Total 41,729.00 360

responses were possible to the items which had been presenied iu exemplar

and nonexemplar form., First, & card could be indetorminant in nature,

T B e Dl T e T R T TR L T T R R R e A ey T ?’VJWW.»jszim@-gﬂmgg‘&\g@mb BRI
. b <. LA RN AT

o NN DI AN

- POV TANE IR X )

—a v i T TORGEL SISy o, AU i o -




MUNERE 6T e, - L. .- P - , e o - N e N . i e s -
s S o T W T A St T o NN R DR R o e T Sy ot e e . . - e o o XTI

.

42

for a S to specify either the inclusion or the exclusion of the test card

to the con

“. l i. e€,, there would be an insufficient amount of information presented

could require that the test card would be definitely another exempiar.
Finally, the information presented to the S could be such that the test

- card was to be definitely excluded from the conceptual category, In

T el

Table 1 the repeated measures of stimulus presentation were not found
to be statistically significant from each other, Here, however, on the
basis of response options the difference was statistically significant
beyond the ,01 level,
Table 5 presents the means for the three response options and
Duncan's Range., There was a statistically sisnificant difference between
TABLE S

Mean Scores Por Response Options and Duncan's Range From Scores
Based on Response Options of the Informatiorn Processing Tasks

Response Options Duncan's Range

Yes No Can't Tell

11,78 10,42 7,23 3,42

‘o

S — S — ——
p—— e e~ e a—— — ——

-items of which the response options were indeterminant and those items in
which enrough information hed heen presented in order for Ss to determine
coniclusively the inclusicn of the test card in the concentual category.

The mean score for items in which the test card was also an exemplar of

the concept was 11.78, The mean score for items in which the test eard

) e v, = ~ -, A " - . - oo b, S 3, . iy W o %, - o~ - el

e T R AN S T O R g i T 3 TR SR T AR T SR | P 0 NI, ST e BT N S, j@ P

Coe : - R : it TATERT e
S - - . 4L s e 400

N~ -

~ N )
St e A WS 3 - - Wik - -y L P T RNy 5 s A




13

’ - - L i : o Tae. o sy | g S— T A T ————— T — o
L F o . - - N o 3 o~ o o9 . e ey gy s o oty J [ G AL WOy

43

was definitely a nonexemplar was 10.42, These were not significantle

rd

s AN »
A .
dDE oS ow-
1

. different from each other, which is in agreement with the conclusion

k4

based on exemblar-nonexemniar s ulus presentation, Items for which

membership was indeterminant had as thedr mean 7,23, This was signifi-

cantly different from the "yes" but not the "no" response option,
Concept Attainment Tasks, Table 6 presents the results of the

analysis of variance of time~to-criterion scores with the four separate

.

3
1 TABLE 6
?? _ Analysis of Variance of Time~to~-Criterion Scores With Four Problens
;’-‘ ! as the Repeated Measure of the Concept Attainment Data
;@ - _

5 — — e
x B — o
‘ _ Source S8 df Ms F Level of
3 Significance
ﬁ Sex (S) 15,80 1 15,80 1,40

v Grade (G) 65,44 2 47,77 4,22 .05

' SxG 10,13 2 5,07 <1,00

. Ss/Treatments 1,220,1¢ 114 11,32
B Repeated Measures (RM) 533,33 3 184,44 22,33 .01
4 N T x M 50,24 15 3.35 1,00
i Ss/T x R”M 2,823,22 342 8.26
3 M
= Grand Mean 5,647,.77 1
Total 10, 486,11 480

problems as the repeated measures. Two sources of variance were found to

be significantly different, First, there was a stavictically significant
difference among the grades; and second, there was 2 statistically signi- '
ficant difference among the repeated measures, The interactions of the

organismic strata or treatments, i, e,, grade, sex, and grade by 50X,
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and these repeated measures were not significant. This is reasonable be=-

.. .
1.

cause nothing should be found in the interaction except that which is the

»
ERIRE B U

N

function of random assignment.
i Table 7 presents the mean time-to-criterion scores for grades

seven, eight, and nine and Duncan's Range. It will be noted that a

‘
6 e
o\

- TABLE 7

Vo
R

Mean Scores for Grades Seven, Eight, and Nine and Duncan's Range
from T@me-to-Criterion Scores for the Concept Attainment Tasks

A

kY
-

“ . —— —— = —————— S L —

N Grade 7 Grade 8 Grade 9 Duncan's Range

th

4.02 3.32 2.95 .80

——— e e e — ——— 1

I
rd o e

£, ¢ ]

significant difference exists between grades seven and nine. It is again

concluded that a gradual increcase in parformance occurred from grade

seven to grade nine with a larger but not statistically significant
change occurring between seven and eight. The fact that the significant
difference occurred at an earlier age than the information processing
difference suggests that perhaps this task is ontogenetically easier
than information procesgsing,
Table 8 presents the mean scores for the four problems. The mesan
TABLT 8

Mezan Time~to-Criterion Scores for Four Problem Presentations
Based on Concept Attainment Tasks

axemplar 1 Exenplar 1% Nonexemplar X Noniexempler IX

g

2.86 2,18 5.07 3.82
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time for Exemplar Problen pﬁg was 2.86. The mean for Exemplar Problem
Two, 1, e., the second<pfoblem in vhich the presentation was mnade
through the exemplay” mode, was 2,18, When these problems were pre-

sented through an ¢xemplayr focus card and nonexemplar instances, the

mean time-to~criterion was 5,07 for Problen One and 3.62 for Problem

sk v
c . e LR .

Two. Because these repested measures were factorially arranged, a
further breakdown of the repeated measures was made to determine the

nature of the significant differences using appro.riate error terms,

Table 9 presents this further breakdown of the three sources of

B TABLE 9 .
?ﬁ ! Analysis of Variance of Time-to~Criterion Scores for Repaated
;g Measures of Problems, Exemplars, and Problems by Exemplar
i Interaction for the Concept Attainment Tasks
@é i
;; l Source 8S daf MS F Level of Signi-~
% ficance
_ g Exemplar (E) 399.3% 3 332.21 69.8964 .01
; S/TxE 671.27 114 5.89

5 Problem (P} 135.68 i 135.69 165.1439 Q1

: S/T x P 1,022.09 114 8.96

: ExP 17.73 1 17,73 1,7809
: % STRERP 1,126.85 114 9.50

el e e e e e e T )

variants. Two wore sisctisticeliy significamt. The offect of the
exemplar-nonexerplar Zichotomy was significant, snd the difference
betweon Problem One and Problem Two was significant. It will be remem-

bored tha% Problem One and Problem Two do not refer to the order of
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presentation. Rather, they refer to the two problems that were used and

presented through exemplar-nonsxemplar instances, The interaction of

-
i

- exemplar by problem was nct significant. This is a reasonable finding

because nothing should be in this interaction that was not a function of

2, A

N}*__}*, &
INe GEa e G

random assignment of the problems to the various ordinal positions.

. .,

Table 10 presents the mean time-to-criterion scores for exemplar and
TABLE 10

Mean Times for Exemplar and Nonexempler Presentations from
Repeated Measures of Problems by Exemplar-Nonexemplar
Interaction in the Concept Attainment Analysis

!

.T; Exemplar Nonexemplar

ﬁg 2.52 4.34

73

_;3 acnexemplar modes. The mean time for the exemplar problems was 2.52

minutes. For the nonexemplar problems the mean time was 4.34 minutes.

Table 11 shows the mean time-to-criterion scores for Problem One and

Problem Two, The means were 3.96 and 2.90 minutes, respectively.

TABLE 11

Mean Times for Problem One and Problem Two From Repeated Measures
of Problems by Exemplar-Nonexemplar Interaction in the
Concept Attainment Analysis

Vot
i .
m

,v.&' b/

I3
i

e —

i Drahlem I Problem IX
3.96 2.90
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T !! Table 12 is an analysis of verisace of time scoras fo: oonospt
‘1
3 !l attainment problems with ordinal position as the repesated measure, 1In

-
¥
@ l TABLE 12
f Analysis of Variance of Time Scores for Concept Attainment
g Problems with Ordinal Positior as ths Repeated Measure
= |
o (—_— —_— ]
v% Ei Sourc2 SS df MS F Level of Significance
3 L
= Sex (S) 15.80 1 15.80 1.40
2 I Grade (G) 95.45 2 47.77 4.22 .05
= SxG 10,13 2 5,06 %1,00
E g Ss/Treatments 1,291,09 114 11.32
3 Ordinal Position 291.05 3 97.01 10,96 .01
. (OF)
Z T x OP 106,88 15 7.12€1,00
g Ss/Treatments
-3 i x Op 3,027.96 342 8.85
i Grand Mean 5,647.77 1
1 ! Total 10,486.11 480

—— ]

the design the four problems had been randomly ~assigned to the various

"
P
.

[T

ordinel positions; and hence, it was possible to examine these data on

S

« w .

»
A4 N
e

the basis of the Probiem and exemplar-nonexemplar présentation of the

, - problem; or it was possible to examine the ordinal position effect
" ' which was a random presentation of the data that had gone into the
; probiem analysis., The total time for esach § for all Zour prcklems
" remained exactly the same; and hence, the first portion of the analysis

results in identical F-ratios for grade, sex, and the sex by grade

interaction., What was different about the analysis was the ordinal
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N A

position as a repeated messure in ccamparigon to the faectorial presen-

tation of two problems presented through exeampliar and nonexenplar instances.

]

Fcllowing the random assignment oi probiems to ordinal position the dava

vere not in a factorial arrangement. The four ordinal positions with
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the corresponding three degrees of freedom were analyzed as independent--

. ""fb

but repeated--measures, This effect resulted in a significent F-ratio

7.

oy o et

of 10.96, thus indicating that learning how to obtain concepts occurred
across the ordinal positions from the first to the fourth, The interaction
of the treatments, i. e., grade, sex, and their interaction and the
ordinal pesitions was not significant,

Table 13 presents the mean times for comcept attainment problems

e with ordinal position as the repeated measure and the Duncan's Rarge

TABLE 13

PN
.

Mean Times for Concept Attainment Problems with Ordinal
Position as the Repeated Measure and Duncaen's Range

« h ¥

— ——— —_——r %
1 Ordinal Ordinal Urdinal Ordinal Duncan's Range
f ! Position 1 Position 2 Position 3 Position 4
1 4.38 3,7 2.94 2.43 .82

S

[ ~ e
== e i — ==

i
A2
§
&

/: 8 which corresponds to these data., It will be noted that a significant
difference cccurred hetween Ordinal Position Two and Ordinal Position
Three. There was not a significant difference between Ordinsl Position

One and Two noxr “etween Ordinal Position Three and Four, This finding

is in agreement with what was found by Meinke (126G).
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9 I! Factor Anslyses. Several results will be presented iwn this saction,
% - First, various psychometric factors will be reported. Since two factor
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anaiytic procedures=--Alpha Féctor Analysis and Incomplete Image Analysis--

were used, their results will be presented according to these distinct

N N

. nY
B R KA

groupings. Because of dependencies that existed between the information

M

processing tests, arranged by type of presentstion (exemplar-nonexemplar)

and then rearranged by response option (yes, no, can't tell), separate

PSR B
PR e O A o)

factor analyses for these arrangements 9 required. The results of each

;g will be presented separately.,

; E: Psychometric considerastions, As described earlier, four curricular
i% ® areas~-~-mathematics, reading, social studies, and science--were originally
A:; i‘ hypothesized as being related to informatiom nrocessing and concept
f% %! attainment, Thirty achievement tests representing these broyad areas

were originally administered, Sixteen achievement tests representing
five areas were finally selected for aralysis subsequent to the examina-

tion of the total matrix of intercorrelations presented in Appendix IV,

The f£ifth curricular area that appeared as a relatively distinct cluster
Il was spelling. Table 14 presents reliability estimates for each of the
~ sixteen achievement tests,

Table 15 preseats KR - 21 internal consistency coefficient for each
of four information processing subtests arranged by type of information,

These were computed from the data of the 120 Ss perticipating in this

8 tudy ¢
Table 16 presents KR - 21 internal consistency coefficients for

each of six information processing subtests arranged by response option,

using the 120 Ss participating in this inwestigation.
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TABLE 14

Reliabilitf Estimate for Sixteen Achievement Testis

=%
I
)
pr=
e
PRI
Nl
R
P!
«
"
..

me

@, Curricular Area Test Reliability Estimates*
z Mathematics SRA Arith, Concepts .79 - .82
= Stanford Arith, Concepts .82 - ,87
5 Stanford Arith, Application 77 - .81
=y ' California Arith, Reasoning .84
5‘ 5 Reading SRA - Reading Vocabulary .83 - .89
e Stanford ~ Paragraph Meaning ~ .93 - .94
,fq;'.j ' SRA - Reading Comprehension .85 - ,87
j% Social Studies SRA - References .80 - .83
Z SRA - Charts 85
o ! STEP - Social Studies 1 g1
.; Spelling Stanford ~ Spelling © .01 - ,94
ki SRA - Spelling .81 ~ .83
’ = California - Spelling +83
B L
JE Science Stanford - Science .90
7z STEP - 3Science 1 .88 - .90
STEP - Science 1I .88 - .20

W

* The range of reliability coefficients are reported among grades

7, 8, and 9 except where only single coefiicients vere reported by the
test publishers,
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TABLE 15

Reliability Estimates for Four information Proéessing
Subtests Arranged by Type of Information

W

st : R * o e - i ')r-
Wi ta): ben kSt e € b k) owhe

Subtest Type of Information Number of Items Tyt

. 1 Exemplar 15 .65
. 2 Nonexemplar 15 : .40
t L s 3 Exemplar 15 .60

g - 4 Exemplar & Nonexempiar 15 » 30
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TABLE 18

Reliability Estimate for Six Information Processing
Subtests Arranged by Type of Response

Subtest T&pe of Response Number of Items Yet

i
L!

Yes ] 10 .85
No 10 4z
Can't Tell . 10 .60
Yes 10 .61
No 10 . 61
Can’t Tell i0 58

NN I e

Table 17 presents the means and standard deviations for the 16

achievement tests finally selected for the factor analyses and the 14
information processing and concept attainment tests used for the
respective analyses,

Alpha Factor Analysis of the achievement, concept attainment, and
information processing of exemplar-nonexemplar presentation. Table 18
presents the 24 x 4 derived factor matrix rotated to the independent
cluster solution of the Harris-Kaiser (1864) criterion. The associated
matrix of intercorrelations from which the factors were educed is
presented in Appendix V. The percent of common variance associated
with Factors I throuzh IV was 38.32, 26,01, 13.10, and 21,86, respectively.,
The factors, their larger loadings and descriptions follow:

Factor I: General Achievement Factor Loadings

SRA - Spelling <98
Stanford - Paragraph Meaning .94

Stanford - Spelling X 92
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% TABLE 17
. Means and Standard Deviations for Thirty Variables
Used in the Alpha Factor Analyses
g Test Mean Standard
o ' Deviation
e 1. DPresentation of Exemplars (Subtest I) 7.02 3.27
f % 2. Presentation of Nonexemplars (Subtest I) 7.24 2,49
! 3. Presentation of Exemplars (Subtest II) 7.53 3,08
‘,_{ 4. Presentation of Nonexemplars {Subtest 11} 7.07 2.73
Y & §. Exemplar Problem I 2.85 2,67
i 8. Exomplar Problem II 2,17 2,35
G2 7. Nonexemplar Problem I 5.06 3,59
é 8. Nonoxemplar Problem II 3.61 3,24
5\ » g, Stanford - Arithmetic Application 15.40 9,64
g 10, Califoraia - Arithmetic Reasoning 35,05 9,57
11, Stanford - Arithmetic Concepts 22.73 8,56
12. SRA - Arithmetic Concepts 10.44 6.39
g 13, SRA - Reading Vocabulary 27.28 11,59
14, Stanfeord - Spelling 31.65 12,49
15, California - Spelling 18,62 5.69
B 16, SRA - Spelling 21.26 7.50
3 s 17, Stanford - Paragraph Meaning 33,31 12,96
7 18. SRA - Reading Comprehension 25,22 10.89
3 19, SRA - References 29.18 7.80
I 20, S8RA -~ Charts 24,11 10,57
5 ) 21, ETEP - Social Studies I 20,88 8,40
- § 22, Stanford - Science 31.61 11,79
I 23. STEP - Science I 16.19 5,95
: 24, STEP - Science 11 14,28 6,87
4 25, Response Yes -~ Subtest I 5.44 2.65
TE 26, Response No - Subtest I 4,47 2,06
s = 27. Response Can't Tell - Subtest I 4,27 - 2,48
¢ 28. Response Yes - Subtest Il 6.08 2,47
= 29. Response No - Subtest 1} 5.0 2,50
E I 30. Respense Can't Tell -~ Subtest 11X 3.11 2.29
co8 ! Factor I: General Achievement Factor {cont,) Loadings
o SRA ~ Reading ¢<.aprehension .20
: I SRA -~ Reading Vocabulary .89
. California - Spelling .88
> 1
¥




AU T - B -
" P 34 . N
o .. =, P -
- - - Pl Ad - o3 S L ot <. i
~5 ,_‘”‘ & R 7 ~ 3 Tt
- - DY P - Py sz )
- = - oy . .
v -
§ - - - - . .
T - R A Y- - N R N o ahL s e
A A yoras - T p e STt TR e D i L R T LTI e = W .o % e
4G i o e e i s i et BB IR i 8 S o S

b3
g TABLE 1&
D \
Derived Factors of R-U, Alpha Solution, - Har»’<-Kaiser
m Golique Indepe: dent Cluster Criterion
3
%
ﬁ Tost ) S ¢ | 111 Ve
] . N .
1. Presentation of Exempisrs (Subtest ) ,08 :80% .09 .09
E 2. Presentation of Nonexemplars {Subtest I} =.24 +60% =,22 -,17
3., Presentation of Exemplers (Subtest II) 19 5 S £ SIS 3.1 18
4. Presentation of Nonexemplars { Subtest II} .07 1% -,07 -,15
g 5. Evemplar Problem I .06 .02 17 .70
5, Exemplax Problem IX 18 «.,06 -,35% 13
7. Nonexemplar Preblem ¥ -.02 08 34% 14
8. Nonexempiar Problem I3 023 05 =-.24 BTk
9. Stanford - Azrithmetic Application «82% 22 02 =12
10. Caliifornia - Arithmetic Reasoning 203% (21 01 -,23
11, Stznford - Arithmetic Concepts 68% 06 ~,04 -,20
E 12 SRA - Arithnetic Concepts +38% 12 -,06 -,22
A 13, SRA - Reading Vecsbulary o89% -,12 ~,06 =-,10
5 i4, Stanford - Speiling e92% =,24 =09 -,01
¢ E 15. Californis - Spelling 88% =24 -,1¢ -,03
16, SRA - Spelling 98% «,28 -,06 -,03
17, Stanferd - Paragraph Meaning Sdk ~ 04 03 ~-,03
¥ 18, B8RA - Reading Comprehension «90*% =,0} 0% =.00
g | E 19. SRA - References 086* .00 001 '005
20, SRA ~ Charts b4k« .01 w03 -,23
Ry 21, STEP -~ Social Studies I .84 ,11 .06 09
E 42, Stanford - Science .80* .16 .01 .06
b 23. STEP - Science I 86% ,13 .07 o34
8 a 24, STEP ~ Science II 84% 14 # 0% 15
‘7 - * Loadiags contributing to the identification of factors
** Reflected
Factor I: Ceneral Achievement Factor {cont,) °~ 1loadings
% STEP - Science I .86
SRA - Reforarnnas .88
STEP - 8cience 11 .84
STEF = Social Studies 1 .84
Stanford - Science »80
SRA - Charts 074
e e I B ey e S
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:% Factor 1: Genexral Achievement Factor (cont.) Loauings

i tanford -~ Arithmetic Concepts .68

é% !I Star.ford ~ Arithmetic Application +62

"% " SRA - Arithmetic Concepts .59

’i California - Arithmetic Reasoning .53
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This factor is clearly a general factor associated with all of the
achievement tests; reading comprehonsion and spelling tests are the
mosf representative of the factor. The Alpha solution, rescaling R-Uz
in the metric ¢f the common parts, i3 typically s few factor solutien,
It will be seen later that Incomplete Imiage Analysis, typically a
many factor solution, breaks this general factor into several common
eurricular factors,

Factor 1I: Information Processing of

Exempiar-Nonexemplar Presentations Loadings
Presentation of Exemplars #1 «80
Presentation of Exemplars #2 71

Presentation of Exemplare
Nonexemplar #1 .60

Presentation of Exemplar-
Nonexemplar #2 31

This is an information processing factor representing the items arranged

by type of informaticn in the stimulus-material presentation.

Factor III: Concept Attainment I Loadings
Exemplar Information {#2 o35
Exemplar-Nonexemplar

Information #1 ~.34

Factor IV: Concept Attainment 1l

=

g Q
=3 - - % -
B LA A Iy A

Exemplar Information #1 «70
Exemplar-Nonexemplar
Information #2 267
- T T . e B N Ao e aer o ;;zt-:::$@4MNW#%;;@mfé&giﬁﬂ
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Both of the concept attainment factors are group factors representing the

concept attainment performances,
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correlations of the Alphd Factors, It is from this matrix that the

TABLE 19

Y.,
gy

Matrix of Intercorrelations of Four ;lpks Factors

s
A
L ]

1 111 Iv

S RErSaan
k4 ¥

PRSP “ < . 3 1.
LR . S SIS . . s .
N ® d N P H ¢ W % A M ¥ =" hd
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. . oy St P EY Y P P £ auge. ANET w g N X, .
,u%‘_ﬁ,{g@n&-,{wn G Ry e ERYS Plex 7t Ao\ M dbe

General Achievement 1.00 .60 .18 +65
E Information Processing of 3 1.00 .1 ,54
Presented Information
: Concept Attainment I 111 1.00 11
B Concept Attainment II w 1.00

e e e e e e e ]
relationship of concept attainment, information processing of exemplar-
nonexemplar presentation, and school achievement is suggested. A high

degree of correlation can be seen to exist between the General Achieve-

AN A ket A i Gl TS R ¥

ment Factor and the well defined Information Processing Factor of

fg exemplar-nonexemplar presentation, and Concept Attainment XI Factorz,
£ .
g Concept Attainment I is a less well defined factor (low loadings) and

N

is not highly related to the Gemeral Achievement Factor.

a o e ” VI
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Alpha Factor Annlysis of the achievement and information processing

ol response options scores, Table 20 presents the 22 x 3 factor matrix

-
. v
et -

rotated to the independent cluster solution of the Harris-Kaiser (1264)

.
-
N
. .
-

criterion, The associated matrix of test intercortelations, from which

the three Alpha Factors were educed, is presented in Appendix VI, The

e
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ﬂ TABLE 20
- Derived Factors of R—Uz, Alpha Solution,
-] ~ Harris-Kaiser Oblique
- Independent Cluster Criterion
1, Response Yes #1 ~.11 ~-,08 «E5%
, 2, Response No #1 .01 - 32% e 20
% 3. Response Czn't Tell #1 -,18 o T0% « OB%
4., Response Yes #2 ) -.13 .07 o 62%
%, Response No #2 -.11 -, T2% . 83%
? 6. Response Can't Tell #2 .10 -43% 34
7. Stanford ~ Arithmetic Application 51 -,04 « 40
8., California - Arithmetic Reasoning 45 +0% 47
9. Stanford - Arithmetic Concepts .67 02 v 23
10, SRA - Arithmetic Concepts 61 03 e 28
1. SRA ~ Reading Vocabulary 97% =,086 -, 09
12, Stanford - Spelling 1.00% 02 -, 28
! 13. California ~ Spelling . 06% -,01 -, 28
14, SRA - Spelling 1,00% ,00 -,34
. 15. Stanford - Paragraph Meaning C0%* .04 .03
13, SRA ~ Reading Comprehension .86% =,01 .04
: 17, SRA - References B3% -,04 .08
180 SRA ad Charts 080* 007 012
19. STEP ~- Social Studies 1 71 -,04 «16
20. Stanford -~ Science 71 -.08 3¢
21, STEP - Science [ 7D .10 ' 10
22, STEP - Science II 74 - 00 » 10

* Loadings contributing to the identification of factors

IR Ay

percent of common variance associated with Factors I, II, and III was

41.23, 28,60, and 30.17, respectively, The factors, their mejor

L2

loadings and descriptions follow:

I Factor I: Language Arts Loadings
i SRA -~ Spelling 1,00
Stanford - Spelliing 1,00
SRA -~ Reading Vocabulary 97
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Factor I: Language Arts {cont,) Loadings
Cslifornis = Spellinmg, .26
Stanford - Paragraph Meaning 0 S0
SRA ~ Reading Conmprehension + 56
SRA ~ References &3
SRA - Charts .80

This is an achievement factor with the largest loadings reopresented by
the language arts tests.

Factor Il: Information Processing -

No, Can't Tell Loadings
Response No #2 -~ 12
Response No 'l ~32
Response Can't Tell #2 043

} Response Can't Tell #1 ' : .70

This is a psychologically interesting bi-poiar factor representing "no’

and ""can't tell” responses to the infermation processing tests.

Factor IXI: .Information Processing of Response
Qptions - Arithmetic

Response Yes #1 : 85
Response No #2 .63
Response Yes #2 .62
Response Can't Tell #1 .58
California ~ Arithmetic Reasoning 47
Stanford - Arithmetic Application 040

This seems to be a factor representing both the information processing

end arithmetic tests., It was the single bit of information indicating
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a differential relationship bstween the curricular areass znd concept

learniny that appeared in the Alpha Fector Analysas,
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Factor relatiomships. Table 21 presents the 3 x 3 matrix of inter-

&

~ .

correlations of the three Alpha Factors, It is from this matrix that the

w2

P A

TABLE 21 >

¢

Matrix of Intercorrelations of Three Alpha Factors | 1?

1 94 111 ‘:

3 ~
A «
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A f: 7]
i Language Arts 1 1,00 .01 .73 2
zqi Information Processing: 11 1.00 .01 B
¥ No-Can't Tell f
?_g Information Processing: 113 1,00 ﬁﬁi
5 Response Options - Arithmetic 7\
=y . .

;%

N .
e

relationsnip. between information processing of response option scores

“' o
e

and school achievement is suggested, A high degree of relationship,
.73, can be seen to exist between the Language Arts Factor {reading,
spelling, and social studies) and the information processing instances
arranged by positive response option. The instance arranged by "no" and

“can't te)1" response options are ot highly related to the Language

t

Arts Factor,
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Incomplete Image Analysis of the achievement, concept attainment,

% r4von

and information processing of exemplar-nonexemplar presentation. There

werz two lactor analytic models used in the study; namely, Alpha
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Factor Analysis and Incomplete Image Analysis, Alpha Factor Analysis,

g N
< 3 l typically a few factor solutiom, produced the general achievement factor o
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and several factors representing the concept attainment and information

processiig tests reported in the previous section, Incomplete Image

. .. ‘, .._, ‘
N ; B 2 A
EE TN g .
R TR S LI W SOt AT
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Analysis; typically a many factor solution, is presented in this section,
The purpose of this additional analysis was to attempt to differentiate the
gereral achievement factor into the hypothesized curricular areas and to
oxamine their relation to information processing and concept attainment.
Table 22 presents the 24 x i4 derived factors of R-Sz, Incompléte Image
solution, rotated to the independent qluster solution of the Harris-

Kaiser (1964) obligue criterion., The sssociated matrix of intercorrelations
is presented in Appendix V, The factors, their larger loadings, and

descriptions fnllow:
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Factor I: Mathematics I Loadings
‘} Stanford -~ Arithmetic Applicatior 87
?f California - Arithmetic Reasoning 43
z;g Stanford - Arithmetic Concepts 43
l:% Factor II: Spelling
£ Stanford - Spelling 1.00
i California - Spelling +65
L5
’g SRA -~ Language Arts (Spelling) 77
At Factor III: Reading
3% SRA - Reading Comprehensiom 1.00
ég SRA -~ Reading Vocabulary .88
;& Stanford - Paregraphk Meaning «38
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Fecteor IV: Information Processing -
Negative Information Loading®

Presentation of Nonexemplars
{Subtest 1) 60

fasNewdumse) F

/,!

Presentation oi Nonexemplars
(subtest Y1) 34
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L '

.
R o i T

T B B B B e e

Factor V: Science
STEP - Science I .85

STEP ~ Science Il 72

et K M
R oty My A

v,

r i Factor VI: Matnemasgics Il

SRA - Arithmetic Concepts +88

I I
Py e
a
=y

. A .
Y A s SR
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California - Arithmetic Reasoning .56

Factor VII: information Processing -
Pogsitive Information

S

-

3 . " . " l‘
T R Ly

Presentation of Exemplars
(Subtest 11) .21

Av’_
'

Presentation of Exemplars
(Subtest I) 76

,.
oOw.

Factors VIII - IX: Uninterpreted

Factor X: Concept Attainment -
Exemplar Presentation

L
R ]

e A S O O T
o -,
. -~y

L
| e 2

LU AR AN -3 AT AT - 1 &

‘ Exemplar Problem I 1.00
F}~§ Nonexemplar Probiem 12 35
b

Factors X1 -~ XIV: Uninterpreted

“o
»

N i

Table 23 predents the matrix of factor intercorrelations for the first

10 Incomplete Image Factors, It is from tiis matrix that the relationship

of curricular area, concept attainment, and information processing of

WERIPIL AN RN
., e - .
" DM MR 7, i, S5 Y
- v T

presented informa‘tion is suggested, In this matrix it can be seen that

there exists a generally high positive relationship btetween the curricular
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and concept learning factors, Information »rccessirz and concept attaire

I S
L’ 2 UG il

ment tests represented by ex:emplar instances had the highest relait-nghips

aceld dola dlaa venesd Mecas wmcsnsuad wnst Aes Mmannmam
Wavii VT VELAVUD GMd4sdwvbLGL SISO

Incomplete Image Analysis of the achievemsnt and the information

to M { \ K " “‘
B N AL s v L ORC, Ly

processing of response option scores. Table 24 preseats the 22 x 12

factor matrix of R-82, mncomplete Image Solution, rotating to the inde-

associated matrix of test intercorrelations, from which the Image Factors

were educed, is presented in Appendix VI, The factors, their major load=

.

{Afj ings, and descriptions follow:

F€; Factor I: Common Achievement Loadings
g Stanford - Arithmetic Concepts .96
:;i SPA - Charts .86
/”’i STEP - Social Studies I .49

[fé Stanford - Paragraph Meaning .28
" SRA = Reerences %13

Tk

LIERC TU TR Y

; “ ¢ . N
LS RN

ul

This sppears to he an achicvement factor common to the aress of social
studies and mathematics,

Factor .I1I: Uninterpreted

gagtor III: Information Processing: Response Loadings
Option, "can*t %¢ell”

o Response Can't Tell #2 W77
)- A
3 Response Can't Tell #2 .73

[

L

Y

o\)“

Factor 1IV: Reading

[N

R SRA - Reading Comprehension 1.00

¥

] SRA - Readiag Vocabulary ,02
Stunford -~ Paragraph Meaning « 49
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Factor V: Information Processing: Hesponse E
Option, "yes" .

Response Yes #2 .86

Response Yes #1 «80

a
<4

Fact i: Science

o]
Lol

STEP =~ Science II .96
STEP = Science I . +90

Factor VII: Information Processing: Response
Option, "no"

Respomse No #1. .66
Response o #2 22
Factor VIII: Uninterpreted
Factor IX: Mathematlcs
SRA =~ Arithmetic Concepts 20
California - Arithmetic Reasoning .89
Factor X: Uninterpreted
Factor ZI: Spelling
Stanford - Spelling )
California ~ Spelling 024
SRA - langusge Arts III (Speliing) :23
Factor J1I: Uninterppeted
Table 25 presents the 12 x 12 matrix of facter intercorrelations for
the 12 Incomplete Image Factors, In this analysis the information processing
instances were arranged by response option and three factors representing
the three declsions wore identified, It can ba secon that though modest
rolationships generally existed between the information process.ng tests and
the various curricular arsas, the factor of "yes' response options resulted
in correlations equal to or in excess of .70 with all of the curricular

factors except spelling.
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Tsbie 26 presents a sumzery of the relationship of the eusricular
factors and the concept learning factors fcr the two Incoapiete Imsge
Analyges. It will be recalled that the Incomplete mage Analyses were
undertaken in order to break the genersl achievement factors into their

4

reéspective subject areas, Tabie ZE indicated that Woth of the Incosplete

Inege Analyses did this quite well. The table further shows a generally
highar rolationsiip between the five curricular factors and concept
atieinment of eReé@Epiar type Auformation eud inlorwacion processing oi
oxonplar type information. It should be neted, however, that the
Nonexewpler Information Processing Factor, the Informetion Processing
of Response Option--"No" and tho Juformatiom Frocessing of Response
Option--"Can't Tell"” Factosr also correlated significantly, but to a

losser degreo, with certain of the curricular factors.
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CHAPTER V

"
A e

CONCLUSIONS AND i7ZSCUSSION

The organization of this Conclusions and Discussion chapter con-

L N\

forms to the order of the Resuilts chapter. The questions under

/ : ’ examination in tbke study are presented separately except that the
.4? ‘ two questions regarding factor analyses are again considered in a
‘ﬁé " ccmbined section,
“_; | l. What are the effects of the following variables upon informa-
:? l’ tion processing in concept attainment tasks: (a) grade level--seventh,
"%f l eighth, and ninth; (b) sex; (c) exemplar or nonexemplar stimulus

$
i; presentation; and (d) exemplar, nonexemplar, or indeterminant response
2% ! options?
—;g Grzde Level, From the results of the information processing deta,
@g it is concluded that a significant difference exists in the ability of
'é Junior high school youngsters to do problems of the type represented

by the Information Processing Test. Whether this difference results

because of gradual development or because of ontogenetic stages is not

clear. The statistically significant difference in this study re-~

sulted because the ninth grade §s were more efficient than seventh

., - \ 2,
T e i e A e

and eighth gra&e 8s. Supportive of the "stage" hypothesis is the
3
fact that the seventh and eighth grade Ss were not significantly

different from each other. However, the means of the three grade
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levels indicated continuous improvement, thus suggesting the correct-

W, -

ness of a continuous development explanation, Proof of the stage-
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development hierarchy could be accepted if ycungsters prior to a
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particular chronological or mentsl age were not sble to and subsequently
were able to do a task. Evidence of this type was not forthcoming €rom
the d v siudy. Hence, it is conciuded that (1) the
information processing items are of appropriate difficulty for junior
high schocl youngsters and (2) if developmental stages were to be
identified, the information processing tasks would have to be admin-
istered to younger Ss who may not be able to perform analytic-type
thought as required in these tasks, Ss in this study were of ages in
whick analytic-type thinking is present according to Inhelder and Piaget
(1958). As such, the scores were appropriate for the factor-analytic
part of this study,

Sex. In the present study sex differences were not evident in
the information processing tasks. This concurs with what is usually
found in concept learning studies using older Ss. There was, however,
an interaction of grade and sex. This interaction was quite compli-
cated, but it seemed that there may have been a retarded development
in the males at the younger age.

Exenplar vs, Nonexemplar Information Processing. Ss in the present
study processed exemplar and uonexemplar information equally well; and
hence, it is concluded that these types of instances are of equal
difficulty. When ambiguity was introduced into the information
processing, however, as when the response option to items was
indeterminant, it was found that Ss did less well than with exemplar
presentation, This suggests that the results of other rescearch--
such as the article by Smoke (1932) and the concept attainment

section of this study where exemplar information was found to most
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readily facilitate concept attainment--occurred because the informational

presentation of the stimulus material was ambiguous to the Ss. The

present findinzs are a replication of the results reported by Tagatz

x
N\

(1263) and Tagatz and Meinke (1968) of a similar information processing

experiment,

') ] v . i ~
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2. What are the effects of the fcilowing variables upon concept

attainment: (a) grade level--seventh, eighth, and ninth; (b) sex;

2 A ] e

BE i
stz

and (c) exemplar or nonexemplar stimulus presentation?

ol

:

Grade Level, It is concluded that there is a statistically signi-
ficont difference among Ss in junior high scheool grade in ability to

attain concepts imbedded in dichotomously dimensionalizea stimulus

[, et
o ol AK L xS e

materials, Unlike the information processing analysis, the minimum

b=
Ve

statistically significant difference in the concept attainment prob-

|

3
1

lems occurred between grade seven and grade eight. Again, however,

an examination of the mean time-to-criterion scores indicated that

- »
v
R aa

there is a gradual increment in performance from grade seven to

e

grade nine, thus supporting a gradual development hypothesis for

youngsters of the junior higzh level.

rf;' L
A iEe,

Sex. The results of the analysis cf time-to-criterioa scores
for the concept attainment problens indicates that the sex of a

person does not influences ability to attain concepts of the type

.
4,

e Mﬁ-"h

represeénted by the problems of this study., Additionally, in this
analysis sex did not interact with any of the other main effects in
the analysis, This finding then concurs with what is us .1y “ound

in concept learning studles. 8Specifically, this finding is in agree-

A
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ment with Nelson (1958) (1960) who worked with younger children in the
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intermediate grades and with both Tagatz (1963) and Meinke (1966) who
worked with older Ss

Exempiar or Nonexemplar Stimuius Presentation. From the analysis
of the mean time-to-criterion scores for the exemplar and nonexemplar
stimulus presentation, it is con~luded that Ss of the junior high
level find exemplar instances less difficult than instances where
nonexemplars are presented i addition to an exemplar focus card, In
the construction of the problems used in the present study, care was
taken to equate the information yield of the exemplar and nenexemplar
problems just as the information yield of the items in the Information
Processing Test were also equated., In the Information Processing Test,
no statistically siguificant difference was found. We»a, however, one
was present. It will be rememuvered that when ambiguity was introduced
into the information processing situation, significant differences did
result, It seems, therefcr¢, that many Ss in the concept attainment
tasks were not seeing the definitive nature of the stimulus pre-

® sentation in a nonexemplar situation, i, e,, it appears that the

situation may have been ambiguous for t:em, This ambiguity may have

resulted because Ss perceived the relationship of inter-card diffe-ences
to the delineation of a concept less efiiciently than they did inter-
card commonality. Instrxructional procedures can be developed to

clarify for each S the ambiguity of the nonexemplar situation and also
the indeterminant situation in iniormation processing. It seems likely
that much could be learned about instructions for specific academic

subjects by carefully examining the effects of a variety of instructions
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on fabricated materials as were used in the concept attainment tasks eof

T

this study. This should be especially true for subject (curricular)

areas highly related to the specific concept attainment task used.

o e ey

- I

This would provide for researchers the rigorous experimental control

g

7 bl M we o] .«

which is often lacking in cuvrricular research, To this end the factor

analytic part of this study has signii.cance,

[N
RSP

Other Variables, Certain cother effects were incidentally

examined in the analyses performed in the data for this study. Spe-

-
., v +
REEEEE R D

cifically, it was shown that learning improved across ordinal positions

in the study. This is in agrecment with the findings of Byers (1961),

! interesting to note that the largest improvement occurred heiween
E E Problem II and Probiem XII. This concurs precisely with the findings
;'15 of Meinke (1€66). An additional significant effect in the present
{vig study was the difference between problems. Two problems had been

used and each one presented through an exemplar and a nonexemplar
mode. This finding is incidental to the major purposes of the study.
However, it might be‘éxplained thrcough the results of the study by
Archer (1962)., He found that there was an interaction between the

nbvicusness and relevance of stimulus materials, such that §s' per-

formance was facilitated on tasks in which the obviousness of the
relevant information is maximized and the obviousness of the irrele-

vant information is minimized., In the present study, the dimensions

relevant to the two problems may have been more or less obvious to
the §s. The exact npature of this finding remains to be clarified in

future ra2search.

o

3 ! Klavsmeier et al, (1964), Tagatz (1963}, and Meinke (1966), It is
:
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The factor analytic section of the investigation was concerned with
the remaininz two quastions under consideration in the study:

-3. What are the common factors that account for the relation-

snips among the concepi atiainmeni tasks and curricular achievement

tests?

L

4, What are the relationships among laboratory variables and the

curricular areas as determined by the oblique relationships of the

conmonn (task and curricular) factors?

Alpha Factor Analyses, An intriguing result of the investigation
was seen in the structure of the Alpha Factors, The Aipka Factor
Analyses of the matrices, arranged by (a} type of informational
presentation and (b) respomnse option, both included the same 16
achievement tests, It was expected that they would nroduce the
same curricular factors. Paradoxically, the matrix which included
the achisvement tests, the concept attainment tests, and the infor-
mation processing tests arranged by type of informsiional presentation
produced a General Achievement- Factor with languaze arts tests showing
the highest loadings and mathematics the lowest., When the six Infor-
mation Processing Tests, arranged by response opiions, were added to
the 16 achievement tests, and this 22 x 22 matrix factored, a simpls
Language Arts Factor was identified plus a second factor with mathe-
matics materials and information processing showing'bhigh loadings,

The change in factor structure was attributed to the similarities
in the convergent reasoning commeon to the mathematics achievement

and the Information Processing Tests arranged by response option.
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Inductive reascuing wre -gquired by tnese two types of t2sts--mathematics
and informaticu pirocessing arranged by respons2 option, It resulted §°
the covariation amongz tests necessar; to c¢reate (lie new Information
Processing--Mathematics Factor., This explanation of the changing
factor structure was supported by the high relaticnships between
Information Processing Respouse Option--''Yes' Faztor and two Methe-
matics Factors extracted in the Incomplete Image solution, ILenke
(1965) has previously shown a high dezree of relationship hetween
concept attainment and an Inductive i{-~asoning Factor,

The two Alphe Factor Analyses also identified several factors with
largest loadings on Informetion Praocessing and Concent Attainment Tests,
Specifically, in information processing the following factors were
identified: (a) a "No-Can't Tell" Factor, (b) an Information
Prccessing~-Arithmetic Factor, (c) ar Information Processing of
Presenited Informatiion Factor, and {4) two Ccncept Attainment Factors,

An examination of Alpha Factor intercorrelations indicated that
the single achievemant factor--che Goneral Achievemen!t Factor from
the 24 x 24 matrix: the Language Arts Factor from the 22 x 22 matrix--
correlated .60, .65, and .73 with (a)} an Information Processing of
Presented information ¥actor, (b) a Cruncent Attainment {1I) Factor,
and (c) an Information Processing of Rosponse Options~-Arithmetic
Factor, respectively., Two remaining factors, Concept Attainment (1)
and Information Processing of "No-Can't Tell" Responses, correlated
«18 and .01 with the achievement factors in the two analyses, respec-

tively., From this examination of factors resulting from the Alpha

solution, it was conciuded that there is a significant positive
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relationship between (a) curricular areas and (b) conceptual and infor-
matlon processing behavior involving exemplar informetion,

Relatively independent of these relationships are the Information
Processing of "No-Can't Tell" Eegpomse.Factor and tho Concept Attainment
(I) Factor, This suggests that perhaps there are two distinct behavioral
typolcgies, namely, (a) Ss who are most officient when they focus atteontion
on what the concept is and (b) Ss who are most efficient when they de-
lineate the concept by analytically determining how 2 monexemplar differs
from an exemplar, Loadings on the bi-polar factoxr--Information Processing:
"No-Can’t Tell"-~suggests the corréétness of the interpretation as do tho
loadings on the Information Processing of Response Options-Arithmetic
Factor, A person of the first typology has a tendency to specify all
cards which are not exemplars as being nonexemplars, He would get dig=
Pre, srtionately high scores on items with "No" answers and low scores
on items with "Can't Tell" answers, hence the bi-polarity. A posterieri
examination of the raw scores from the Information Processing Test and
the matrix of intercorrelations for the Information Processing Subteste
supports this conciusion,

On <he other hand, people who use the anaiytic approach would have
a tendency to d6 equally well on all th?ee information processing ltoms
according to response options, This analytic typology would result in
wni-dimensional ioadings on tests of information processing according to
to response options, The Information Processing of Regponse Optiona-

Arithmetic Factor reveals precisely this arrangement of factor loadings,
Additionally, certain arithmetic tests have high loadings on this factor,

thereby further delineating its nature,
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Vhile this factor appears relatively independent of traditional
concept attainment tasks and curricular areas other than arithmetic, the
resulis do tie in nicely with the explanation of the contradictory find=
ings regarding exemplars and nonexemplars in the information processing
enalysis and the concept attainment analysis, namely: many Se when left
on their own as they are in concept attainment do not see the definite
nature of exempler-nonexemplar stimulus presentation, This is becauss
they ar2 examining the commonaslities among exemplars instead cf analyti-
celly examining intercard differencas,

Out of this milieu a question becomes apparent and remains unanswered:
Can students! learning of concepts in any curricular area other than aand
including arithmetic be facilitated by training in the &cquisition of
information from simultaneousd exemplar-nonexemplar siimulus presentation?

Th: answer to still another questinn might prove to be enlightening:
Is it possible to structure curricular areas in such a way as ©o require
processing of nonexemplar information? Such restructuring would allow
the validation of the two hypothesized behavioral typologies, This
validation would provide impetus for the determination of new teaching
metheds to provide adequately for the education of such 3s.

Incomplete Image Analysis., The Incomplete Image Analysis, under-
taken fo break down the achievement factors isolated in the Alpha solution,
identified the following curricular factors (see Tables 22 ans 24):

(2) Mathematics (Factor VI, Table 22; Factor IX, Table.24), (b) Spelling

(Factor II, Table 22; Factor XI, Table 24), (c¢) Reading (Factor IXI,
Table 22; Factor IV, Table 24), (d) Science (Factor V, Table 22; Factor VI,

Table 24), (e) Mathematics (Factor I, Table 22), No Social Studies
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Factor was identified. 4his ic bedsuse of the large imvolvement of othser
curriculai areas in social studies activities, i,2,, thore was a lasck of
variance specific to social studies material, Additiomally, the two
analyses resulted in a change in the Mathematice Factor structure netween
the two matrices, as cccurred in the Achievement Pactor in the provious
Alpha Pactor Analyses., Iti rcsulted in the esteblishment of the Mathe=
matics I Factor (Table 22 vhich was not common to bLoth analyses, Tabie
23 indicated that the correlation betwecn these factors was .80. Thus
an extremely high relationship exists between the' ,

The Incomplete Image Anslyses also produced the following six non-
curricular factors: (a) Nonexemplar Information Proeessing, (b) Zxzemplar
Information Processing, (e) Concept Attainment of Bxemplar Informatiom,
(d) Response Upticn—-Can®t Tell, (&) Response Qption--Yes, snd (2)
Response Option==io,

From the intorrelationships of the factors resulting from the
Incomplete Image Anzlysis it is concluded that the Exempler Information
Process=-"Yes" Response Option Factor correiates highly with all
curricuiar factors, Lesser relationship existed among the Curricular
Factu.s and (R) the Nonexemplar Inforuatios Procsssing Factor, (b) the
Response Option-='"No" Factor and (c) the Response Option-~"Can't Talr"
Factor., It is concluded that there is a high relationship between
exemplar concept learning tasks and curricular areas but only moderate
relationships between concept lecarning involving nonexemplars and
curricular areas=-and even then only certain subjects, namely science
and spelling,

The purpose of the factor~amalytic approach was to determine the
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relationships among information processing tagks, concept attainment tasks,

and curricular aveas, From theip resulis it is concluded that information

Iv is furiner concluded that there is a relatively high relatiope
ship between information processing of response ontions and ceriein
arithmetic tests, Other specific information processing factors ara

modexrately reiated to curricular achievement, namely, sclence and

LT

spelling, The relationship between more traditional concept attainment

Aoppmsane

factors and curriculer factors resulted in the conclusion that there is

DY 7R -

a high relationship beiween exemplar concept learnitg and the curricular
factozs generally., Thus, the findings from the factor analyses lead to
the conclusion that success in concept attainment tasks is related ¢
success in curricular areas, More liberal generalizations of resecarch
Yesults from tightly controlled experimental gsettings to canventional

learning situations Seem justifiedq, ,“f




L

B

g |

%

E74d

L=
¢
9

A

g I wair B oo

£33

]
Mnu_g

rpn e
i«

!:'ﬂ ~ ’ﬂ
PR 1

LA

A

3

e
Eovaiorid

r=s £m

REFERERCES

Archer, E, J, Concept identification a5 a function of cbviousness of

relevent and irrelevant information, J. exp, Psychol., 1962, 63,
616-620,

Archer, E, J,, Bourne, L, B,, Jr,, & oxown, F, G, Concept identificetion
a8 a function of irrelevant information and instructions, Sa SXDs
Psychol,, 1955, 49, 153-164,

Atkin, J;'u; Teaching concepts of modern astronony to elementsry-
school children, Sci, Educ., 1361, 45, 54-58,

Bioomer, R, H, Concepts of meaning and the reading and spolling diffi-
culty of words, J. educ, Res:, 1961, 54, 178-182,

Bourne, L, E,, Jr, Human conceptua} behavior, Bosten: Allyn and Bacon,
1966.

Bourne, L, E,, Jr., & Haycood, R, C, The role of stimulus redundancy in
concept identification, J, exp, Psychol., 1959, 58, 232-238,

Bourne, L, E,, Jr., & Haygeod, R, C, Supplementary report: Effect of
redundant relevant information upon the identificatior of concepts,
JQ BXD. PsyChcl'g 1961. 61. 253"260.

Breun, Jean S, Relation between concept formation ability and reading
achievement at three developmental levels, Child Develpm,, 19863,
34, 675-882,

Bruner, J, ., Goodnow, Jacqueline J., & Austin, G, A, A study of
thinking, Kew York: Wiley and Sons, 1956,

Buss, A. H, A study of concept formation as a function of reinforcement
and stimulus generalization., J, exp. Psychol., 1850, 40, 494-503,

Byers, J, L. Strategies and learning set in concept¢ attainment, Unpube

lished doctoral Gissertatiom, univer, of Wisconsiu, 1961,

Cahill, H, E,, & Hovland, C, I, The rocle of memory in the acquisition
of concepts, J. exp, Psychol., 1960, 59, 137-144,

Callantine, M, F,, & Warren, J, M, Leearning sets in human concept

Campbell, D,, & Fiske, D, Convergent and discriminant validation by
the multitrait-multimethod matrix, Psychol. Bull,, 1959, 56, 81-105,

Elkind, D, The development of quantitative thinking: A systematic
replication of Piaget's studies, J, genet, Psychol,, 1951, 98, 37-46,

Foigenbaum, K, D, Task complexity and IQ as variables in Piaget's
problem of conservation, Child Develpnm,, 1963, 34, 423-432,

o
v 4




~ &F & ¥ o 2 - .
— Y a2 - . . _
- &‘EQ\.{=\1'.~-~:° B N i e ey * - e 13
l - AT TR T T T AT R T R e A S oy i s i s et S - a -
-
3
%
I

81

Flizak, C, The relationship of age and efficiency of attaining concepts.
Strategies of learning: Learaning and achievement - Session 32 of the
American Educational Research Association, Chicago, February,; 1963,
(Mimeographed materials),

Freyberg, P, 8, Concept development in Piagetian terms in relation to

Greenhouse, S, W,, & Geisser, S, On methods in the analysis of profile
data, Psychometrika, 1959, 24, 95-112,

Harris, C, W, Some Rao-~Guttman relationships, Psychometrika, 1962, 27,
247=250,

Harris, C, W, The problem of strategy identification., Stratogies of 5
learning: Lesrning and achievement - Ses3ion 32 of the American i
Educational Resecarch Associatiom, Chicago, February, 1263, (Mimeo-
graphed materisal),

Harsis, C, W , & Kaiser, H, F, Oblique factor anaiytic solutibns by
orthogonal transformations, Paper preseat®d to the American
Educational Research Acssociation, Chicage, February, 1964, (Mimeo= E -
graphed material), é;

Harrig, T, L., & Schwabn, ¥, E. Selsaied readings on the learning .
process, New York: Oxford University Press, 1961,

A
4

Heidbreder, Edna, Toward a dynamic psychology of cognition. Psychol,
-R_e-!., 1945’ 52’ 1'-22.

KRN 8 2

XN

e Heidbreder, Edna, The attainment cf concepts: I, Terminology and iy
g metholology. J. gen, Psychol., 1946, 35, 173~39, -
‘ ¥

-
Heidbreder, Edna., The attainment of concepts: II, The problem, J. 2

gen, Psychol,, 1946, 35, 191-223,

Heidbreder, Edna, The attainment of concepts: VII, Conceptual achisve-

@ — X
LT
\
- -

- . ments during card-sorting, J, Psych., 1949, 27, 3-39, :IF
= ;
ﬂg Heidbreder, Edna., Bonsley, M, L,, & Ivy, M, The attainment of concepts: d
- 1V, Regularities and levels, J, Psych., 1948, 25, 299-329, 3
ts :/
Bovland, C. L., A “communication analysis" of concept learning, Psychol, i

Rev., 1952, 59, 461-472,

Hovland, C, I,, & Weiss, W, Transmission of information concerning con-
cepts through positive and regative instances, J. exp. Psychol,.,
1953, 45, 175~182,

Hull, C, L, Quantitative aspects of the evolution of concepts: An
exps~imental study, Psychol,,Monogzr., 1920, 28, 1-123,

Hunt, .., B, Menory effects in concept learning. J, exp., Psychol., 1961, ;‘,i

'\ [
: 3 ,
Ml S .- @

62, 598-604, k"




T ,
B .
. < G
Fe ik § St By .

* N
. s
) A
PaA R ey BA-yy s o e+

ps

e

L

T T T T T T T T W W A T T RO T W T T e gl T o

RN L T T D M ..
[ S TR W T R mi»bﬂ'ﬂw“”m‘ T i ot v i T P O o i r P i S - — g oo o -
R R g PP i S A ANl i o AV o N AN o s o r i i s T A e dr M i A 25 pies ey et inioviama e ,,.:A‘ R T R
i
.

U*VE.'—;’— £ MR e (g -**1 - Y dhiashite) ‘—_]

Hunt, B, B,, Concept learring: An information processing problem, New
York: Wiley and Sons, 1962,

Inhelder, B,, & Piaget, J, The growth of logical thinking, New York:
Basic Books, 1958,

Kaiser, H, F,, & Caffrey, J, Alpha factor analysis, Urbana, 1963,
(Mimeographed materiel),

King, W, H, Symposium: Studies of children's scientific concepts and
interests, Brit, j. edue, Psychol,, 1960, 31, 1-20,

King, W, H, The development of scientific concepts in children, BRxrit,
J. educ, Psychol,, 1963, 33, 240-252,

Klausmeier, H, J, Significant independent variables in concept attainment,
Symposium: Significant Indepeudent Variables in Concept Attainment.
Session 26 of the American Educational Research Association, Chicago,
February, 1965, {limeographed materisi),

Klausmeier, H, J,, Davis. J. K,, Rem=zey, J, G,, Fredrick, W, C,, & Davies,
Mery H. Concepi learning & problem solving: A bibliography, 1950~
1964, Nadison, Wisconsin: Reseavch and Dovelopusnt Celteér fox
Learning and Re-Education, Technical Report No, 1, 19265,

Klausmeler, H, J,, Harris, C, W,, & Wiersma, W, Strategies of learning
and efficiency of concept attainment by individuals and grours,
Cooperative Research Project No, 1442, University of Wisconsin, 1964,

Lemke, E, A, Relationships among divergent and convergent thinking
abilities, values, and concspt attrinment, Strategies of learning:
Learning and schievement - Session 22 of the American Educational
Research Associatioa, Chicago, February, 1563, (limeographed
material),

Lemke, E, A, Organismic variables in concept attainment., Symposium:
Significant Independent Variables in Concept Attainment, Session
20 of the American Educational Research Association, Chicago,
February, 1965, (Mimeographed material),

Meinke, D, L, Some effects of a principle on the efficiency of concept
attainment in conjunction with instructions, ordinal position, sex,
sequence of problems, and number of attributes defining the ccacept,
Unpublished doctoral dissertation, Univer, of Wisconsin, 1566,

Neisser, U.,, & Weene, P, Hiersrchies in concept attaimme-t. J. exp,
Psychol,, 1962, 64, 640~-645,

Nelscn, Pearl A, The acquisition of concepts of light and sound in the
intermediate grades, Sci, Educ,, 1958, 42, 357=361,

Nelson, Pearl A, Concepts of light and sound in the intermediate grades,
SCi. Educ.’ 1960’ 44’ 142-1450

- - - A - - rEancan e | gt e g R —a e ., roiogy . =
LA T L 2] B, . % % me W R R e T T T T T TR T
- RRAE-N
N A -




z P cowi e a BPS e o i aabae tia A e Se I e e L S e aaanesn s Siedls Ty T — — - - —-d

IO PR R SE . . .o T S . . ) . o
bam PO A e e e e G D o e s PO S o SriolWinayB R o e o s S A o Sa o Do,

————

E 839
Olson, L, A, Concept attainment of high school sophomores., J. edue,
l Psychol,, 1263, 54, 213-216.
Oseas, L., & Underwocd, B, J, Studies of distribuvted practice: V,
Learning and reteation of concepts, J. exp, Psychol,, 1952, 43,
143-1438, o -

3

fmoke, K, L. An objeative study of concept formation, Psychol. Monogr, ,
1932, 42, 1-46,

Smoke, K, L, Negative instances in concept learning, J, exp. Psychol,,

Tagatz, G, E, The effects of selected variables upon inforration pro-
cessing and information utilization in concept attainment tasks,
Unpublished doctoral dissertation., Univer, of Wisconsin, 1963,

. i o

Tagatz, G, E, Information progessing in concept attsirment, Symposium:
Significant Indepcadent Varieblez in Concept Attainment, Sescion 26
of the American Educational Research Association, Chicago, February,
1965, (Mimeographed materiszl),

N A e e

Tagatz, G, E,, & Meinke, D, L, Information processing in concept attain-
ment tasks, Teach, Coll, J., 1966, 37, 182-186,

M BNE SN EL. TE N A e

N




J ) o—

A
{
}
[
;
}
i;i/
! .
(
]
U
'J
4
|

APPENDIX I

leections for Information Processin: Problemg

This experiment is concerned with how people learn. You are going

to have an opportunity to work several exercises.

The exercises will be performed using pictures of various cards from
the board located in front of vou, The board contains 64 cards.

Every card on the board is different from every other card. However,
all cards have six basic properties or parts; these are:

1, Border number

2., Border type

3. Figure number

4, Fizure size

5. Figure color
6, Fipgure shape

1. Note that all cards have either one or two borders,

(The figural cards have been either omitted or semantically presented
in this Appendix,)

2., Also not~ that the borders are either solid or broken,
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3. On the lower left of each card is located a fizure. Each cax

will have one or two of these figures, (Fizural materigls are semantically

presented, )

IR N
vy
. oo

]

Dorder Number; One
Vs Border Type: Broken
Figure Number: One
A ! Figure 8ize: Large
o Figure Color: Green
N - Figure Shape: Circular
T Border Number: One
L Border Type: Broken
I Figure Number: Two
D Figure Size: Large
== Figure Color: Green
. Figure Shape: Circular

AR
»

v

Note that on the previous example a circle was used to illustrate one
or two figu: s,
l 4, Another property, figure shape, involves circular or elliptical
figures,
i Border Number: One
- Bo.der Type: Broken
- Figure Number: Two
4 l rigure Size: Large
x Figure Color; Green
) " o Figure Shape: Circular
g Border Numher: One
N Border Type: Broken
- Figure Number: Two
7 I Figure Size: Large
‘ Figure Color: Graen
T l Figure Shape: Elliptical
‘ o < B > < - - > ol I A - T N T s ’ s ST RS LB g
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5. Nete that these circular or eiliptical figures can be small or

large,

Border Number: One

Border Type: Broken

Figure Number: Two

Figure Size: Small

Figure Color: Green

Figure Shape: Circular
Border Number: One
Rorder Type: Broken
Figure Number: ™o
Figure Size: Larze
Figure Color: Green
Figure Shape: Circuler

6. The figures, in addition to being one or two, large or small,

circular or elliptical can be red or greem,

Border Number: One

Border Type: Broken

Figure Number: Two

Figure Size: Larze

Figure Color: Red

FPigure Shape: Zlliptical
Border Number: One
Border Type: Broken
Figure Number: Two
Figure Size: Large
Fizure Color: Green
Fizure Shape: Ellipticail

These are the six properties making up each card, The first two

properties deal with the border, That is, all cards have one or two,

borders which are solid or broken. The last four properties deal with

the figures, They may be red or green, smail or large, circular or

elliptical, and there may be one or tvo.

Every card on the board is different from every other card in at
least one of the ways just described., As an example, consider these two
cards, The first card may be described as one solid border with one large

red elliptical figure.
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Border Number:
Border Type:
Figure Number:
Figure Size
Figure Coiocr:
Figure Shape:

i green elliptical figure,

Border Number:
Border Type:
Firure Number:
Figure Size:
Figure Color:
Figure Shape:

SR EN BN ann

following three cards.

Border Number: One
Border Type: Soiid
Pigure Number: Two
Figure Size: Large
Figure Cclor: Red

Figure Shape:

sl.ape, and firure size.

pGodar aumber aad fizure color,

87

One

Solid

One

Lerge

Red
Elliptical

The second card is described as two solid borders with one large

The two cards are different in the two properties,

Two
Solid
On>
LalIs

Green
Elliptical

They are the same i the other ways.,

Consider the foilowing card.

Border Number: Two
BoTder Tvpe: Broken
Figure Number: Two
Figure Size: Small
Tigure Color: Red
Figure Shape: Elliptical

Describe the card in terms of the six properties Just described,
You should have described this card as having two broken borders with two
small red elliptical Ffigures.

There are a number of ways certain cards may be grouped so that the

group has one or more of the same properites. A4s an example, consider the —

Border Kumber: Two Border Number: One
Border Type: Solid Border Type: Rroken
Figure Number: 1Two Figure Number: Two
Figure Size: Small Figure Size: Small
Figure Color: Red Figure Color: Red
Elliptical Figure Shape: Circular Figure Shape: Ellip.

These three cards can be grouped together on the basis that all three have

two ra2d figures. They are different in border number, border type, figure

TSR]




Similarly the fcllowing figures

Bordexr Mumber: Two Border Number: Two Border Number: Two

Border Type: Solid Border Type: Droken  Border Typa: Solid g%
Figure Number: Two Figure Number: Two Figure Number: Two i
Figure Size: Small Figure Size: Small Figure Size: Large 7§
rigure Color: Green Figure Color: Red Figure Colox: Red

Figure Shapes Elliptical Figure Shape: Ellip. Figure Shape: Ellip.

can be grouped together on the basis that all three have two borders with

two elliptical figures.

You determine the ruie for grouping the following cards,

Border Number: One Border Number: Two Border Number: Two
Border Type: Solid Border Type: Broken Border Type: Solid
Figure Number: One Figure Kumber: One Figure Number: Two
Figure Size: Small Figure Size: Small Figure Size: Small
Figure Color: Red Figure Color: Red Figure Color: Red
Pigure Shape: Elliptical Figure Shape: Ellip. Figure Shape: Circ.

You should have decided that the rule for grouping these cards was "small

red figures." The term "figure(s)" mesns that there may be either one or

two figures,

‘ .,4.. ,,
s v ide 'L‘.v)\’ql.fmy )
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& .
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Ve shall now define what we mean by a rule for this task. A rule is

2

o

simply one or a combination of more than one of the six properties with

IR
Hadve el
<

which we describe each card. Thus, the rule for the preceding three cards

L
(e
[

e ‘C.L‘m.l
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was "'small red figure(s)",

Which of the following cards illustrate the rule, "cne border with

red ellipntical figure(s)'? Kote again that "figure(s)" can mean ore or

two figures.

Border Number: One Boxrder Number: One Border Numbar: Two
Border Type: Solid Border Type: Broken Border Type: Solid
Figure Number: One Figure Rumber: Two Figure Number: Two
Figuere Size: Large Figure Size: Saall Figure Size: Lavge
Figure Colcr: Red Figure Color: Red Figure Color: Red
Figure Shape: Ellip. Figure Shape: Ellip. Figure Shape: Ellip.

You should have identified the first two cards as belonging to the group,

“one border with red eiliptical figure(s)," and the last card as not

belonging to the group.

Cards which illustrate a particular rule are called
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yes cards, and cards which do not illustrgte that particular rule are

called "no" cards. A "yes" card belongs to a particular group, a "'no"

card does not belong to that particular group., In terms of the rule "one
border with red elliptical figures," the first twoc cards sbove are "yes"
cards and the last is a "no" card.

In this first task you will be shown a slide with three cards as is
now on the screen, The focus card is an example of a rule, Note that
the card in the upper right hand corner is a "yes" card, which tells you
that it also is an example of the same rule, On the other hand, a "no"
card is not an example of the rule., In this task you will make a decision
about the membership of the lower card, marked with a question mark, You
will make this decision on the basis of the information presented in the
two upper cards, Take a moment and decide if the "?" card on the screen:

(&) belongs with the focus card.

(®) does not belonz with the focus card.

(¢) can't tell if it belongs with the focus card.

You should have checked option "c" because you have no information about
figure size. The rule might have been one broken border with large
figures, or simply one brokesn border.

Before leaving this example, pay particular attention to the

difference betwegn small and large figures so that you can distinguish

between then,

Consider another xamnle:

Border Number: Two Border Number: Two Border Number: 1Two
Border Type: Solid Border Type: Solid Border Type: Solid
Figure Number: One Figure Number: 1Two Pigure Number: One
Figure Size: Larzse Figure Size: Small Figure Size: Small
Figure Color: Red Figure Color: Green Figure Color: Red
Figure Shape: Ellip. Figure Shape: [Ellip, Figure Shape: Ellip.

Focus Card Yes ?
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The focus card is defined as two sd1id borders with one large red

elliptical figure,

of figures are not part of the rule.

20

The yes card tells you that size, color and anumber

From this information you should be

able to determine that the third card (?) must illustrate the rule becéuse

size doesn't matter.

Consider another example

Border Number:
Border Type:
Figure Number:
Figure Size:
Figure Color:
Figure Shape:

Focus Card

In this example the second card differs from the focus card only

number of figures,

figureo,

group specified by the rule,

Two
Broken
One
Largze .
Red
Elilip,

The (?) card has two figures,

Border Number:
Border Type:
Figure Number:
Figure Size:
Figure Color:
Figure Shape:

No

Two
Broken
Two
large
Red
Ellip.

The question card (?) is a "yes" card.

Border Number:
Border Type:
Figure Number:
Figure Size:
Figure Color:
Figure Shape:

?

The question card (?) is a "no" card,

Consider another example

Border Number: Two

Border Type: Broken

Figure Number: One

Figure Size: Large

Figure Color: Red

Figure Shape: Ellip.,
Focus Card

Border Number:
Border Type:
Figure Number:
Figure Size:
Figure Color:
Figure Shape:

No

Twve
Broken
Two
Large
Green
Ellip.,

Border Number:
Border Type:
Figure Number:
Figure Size:
Figure Color:
Figure Shape:

?

Tvo
Broken
Two
Large
Red
Circ,

in

The rule for grouping the yes cards must include "one

Therefore, it can't belonz to the

Two
Broken
Two
Large
Red
Eliip,

In this example the "focus card”" and "no" card do not give you enough

information to decide if the third card (?) belongs to the rule because

you cannot tell whether number of fisures, or figure color is part of the

1ule,

answer sheet for the first task is on the following page,
card is a "yes" card, blacken the first blank,

"no" card, blacken the second blank.

The question (?) card in this example is a "can't tell" card,

If enough information isn't

The

If the question

If the question card is a
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presented tc determine the membership of the question card, blacken the

third blank,

In this first series there are 30 slides,

which is your answer sheet, and mark the annr

is presented,

omitted. )

Now turn to the next page

(In this report the IBM 1230 Answer Sheets have been

Tagk 2 is gimilor to the one just compietied, except that you wiii be

given four cards arranged in the following manner.

Border Number:

Border Type:

Figure Number:

Figure Size:
Figure Color:
Figure Shape:

¥ncus Card

Border Number:

Border Type:

Figure Number:

Figure Size:
Figure Color:
Figure Shape:

No

Two

Solid

One

Small

Red
Elliptical

Two

Solid

One

Large

Red
Ellipticsal

Bordger
Border
Figure
Figure
Figure
Figure

Rorder
Border
Figzure
Figure
Figure
Figure

Number:
Type:
Number:
Size:
Color:
Shape:

Yes

Number:
Type:
Number:
Size:
Color:
Shape:

?

One
Broken
Two
Small
Green
Circular

Two
Broken
Two

Small
Green
Elliptical

From the focus card and the two information cards you cau determine that

the card in question (?) belougs to the rule,

is the amount of information with which you will be dealing.

The difference in this task

Look for a moment at the screen and you will see an example of the

typical task.

The "yes" cards give information about the number of

borders, type of borders, color of figures, number of figures, and size

of figure, Your answer to the slide should be "yes."

The answer sheet for Task 2 is on the following page,

&, b, or ¢ as before.

report the IBM 1230 Answer Sheets have been omitted.)

v+ ~dcken either

Do you have any questions about this task? (In this
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APPENDIX I1

Directionsﬁ;or Tocal Concept Atpainment Task

You ave about to begin an exercise iike the learning task in which

you have previously participated.
Before describing the task, let us review for a moment some infor~

mation about the materiais. Recall that the board contains €4 carids.

Bach card has either cne or two borders.

The borders are solid or broken,

The cards also have one or two figures.

The figures arz red or green.

Note also that the figures are small or large

and that the figures may be circular or elliptical in shape,

As an example consider the following card,

{The figural cards have been ezither omitted or semantically presented
in this Appendix,)

The éard can be described as two broken borders with two large zreen
elliptical figures. The six characteristics of the card are as follows:
Border Number: Two Figure Size: Large
Border Type: Broken Figure Color: Green

Figure Number: Two Figure Shape: Elliptical

*ae

SLE,
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Recall further that there are a number of ways certain cards may be
grouped sec that all cards belonging to the group share one or more of the
same characteristics., As an example, consider the following three cards.
Border Number: One Border Number: Two Border Number: One
Bordex Type: Solig Border Type: Solid Border Type: Broken
Figure Number: Two Figure Numbar: Two Figure Number: 1Two
Figure Size: Large Figure Size: Small Figure Size: small
Figurez Color: Red Figure Color: Red Figure Color: Red
Figure Shape: Elliptical Figure Shape: Circular Figure Shage: Ellip.

Focus Carg Yes Yes
These three cards can be grouped together ch the basis that all three
have two red figures., Tﬁey are different in berder number, border type,
figure shape and figure size,

Similarly the following figures
Border Number: Two Border Number: Two Border Number: Two
Border Type: Solid Border Type; Broken Border Type: Solid
Figure Number: Two Figure lumber: Two Figure Number: Two
Figure Size: Small Figure Size: Smail Figure Size: Large
FigureColor: Green Figure Color: Red Figure Color: Red
Figure Shape: Elliptical Figure Shape: Ellip. Figure Shape: Ellip.,

can be grouped togetner on the basis that all three have two torders with

twé elliptical figures,

You determine the rule for grouping the following cards.

Border Number: One Border Number: Border Number: 1Two
Border Type: Solid Border Type: 3 Border Type: Solid
Figure Number: One Figure Number: Figure Number: Two
Figure Size: Small Figure Size: Figure Size: Small
Figuvre Color: Red Figure Color: Figure Color: Red
Figure Shape: Flliptical Figure Shape: Figure Shape: Circu,

Fncus Card Yes Yes
You should have decided that the rule for grouping these cards was "smali

red figures."
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When you are given a "focus card” and several "no" cards, it is also

N I e

possible for you to determine the ruie. Consider the foiiowing example;

Border Number: One Border Number: One Border Number: One
Border Type: Broken Border Type: Broken Border Type: Broken
Figure Number: 7.o- Figure Number: 1Iwo Figure Number: One
Figure Size: Large Figure Size: Large Figure Size: Large
Fizure Color: Green Figure Color: Green Figure Color: Green
Figure Shape: Circular Figure Shape: Ellip. Figure Shape: Circu,

Focus Lard No No

RN R

Each "no" card differs from the "focus card" in only one way. The fact

that the middle card has elliptical figures shouid tell you that the rule

L

mast include “circular figures." The "no" card on the right contains

only one figure. This tells you that the rule must inciude "two figures."
From the presentation of the three cards, you would be correct in
concluding that the rule was "two circular figures."

You determine the rule for the following three cards.

o

Border Number: One Border Number: One Border Number:
Border Type: Solid Border Type: Solid Border Type:
Figur= Number: One Figure Numbez: One Figure Number:
Figure Size: Small Figure Size: Small Figure Size:
Figure Color: Red Figure Color: Red Figure Color:
Figure Shape: Elliptical Figure Shape: Circular Figure Shape:

Lo iy s ‘
.- T R A
N . B

N ..

Focus Card Ho No

’. . L

In this experiment your job is to determine a rule that I have in

mind, Thav is, I might be thinking abcut a rule like '"'two figures."

Your job is to find out what this rule is from the arrangement of "yes"

¥ et e VA P > il it

ard "no" markers that I will place on cards that do illustrate and do

" .

not illustrate the particular rule I have in mind, By examining which

cards do and do not belong, you can find cut what the rule is, When you

>

think you «xnow the rule, I want you to tell me. There is a specia’ form

S PN R, Je W Oy
:
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for this purpose. Suppose the rulewags "two broken borders with small

L\

circle(s).” It would be marked in the following manner:

o § 1. Border Number one () two [6:9)
2. Border Type solid () broken (69
3. Figure Number one () two ()

it 4, PFigure Size large () small (X)

F 5. Figure Color red () green ()

F 6. Figure Shape circle (X) ellipse ()

Whenever you think you know the rule, check the rule on the slip and give
it to me. I will read it back to you so there is no misunderstanding,

If your rule is correct the task is completed, If it is not correct, I
shall say "not correct” and you will continue examining the board until
you again think you know the rule. You may present a&s mamy rules as you
like. The job is to find out the rule as quickly and with as few attempts

88 possible., Are there any questions?
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Subject Number

Level

APrENDIX I1I

Data Summary Shcet

Sex Treatment

5.
5.
7.
8.
9.
10,
11,
12,
13,
14,

15,

Concept

Time
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APPENDIX IV

Total Matrix of Intercorrelation of Test Scores

-~

Variable 1 2 3 4 5 & 71

1. Subtest #1 ~ Presentation of Exemplar 1,00 .42, .59 .51 ,82 ,16 ,59
2. Subtest #1 - Presentation of MNonezemplar 1,08 .33 .45 .33 .78 .40
3, Subtest #2 - Presentation of Exemplar 1,00 ,31 ,43 .09 .44
4, Subtest #2 - Presentation of Nonexemplar 1,00 .49 ,33 .14
5. Subtest i#1 - Response "Yes' 1,00 ,21 .24
8. Subtest #1 - Response "No" 1,00-,12
7. Subtest #1 - Hesponse "Can't Tell"” 1,00

8. Subtest #2 - Response 'Yes"
9, Subtest #2 - Response 'No"
10, Subtest #2 - Rezponse "Can't Tell"
11. Exemplar Prcblem Cne
12, Exemplar Problem Two
13, Nonexemplar Procblem One
14, Nonexemplar Problem 1wo
15, SRA - Arithaetic Reasoning
16. SRA - Arithmetic Computation
17. Stanford - Arithmetic Computation
18, Stanford - Arithmetic Application
19, California =-Arithmetic Reasoning -
20. STEP - Math I
21, Stanford - Aritbmetic Concepts
22, California - Arithmetic Fundamentals
23, STEP - Math II
24, SRA - Arithmetic Concepts
25. Californis ~ Reading Vocabulary
26, SRA - Reading Vocabulary
27, Stanlord =~ Spelliny
28, Califorria ~ Spelling
29, SRA - Language Arts III (Sp)
30, Stanford ~ Paragraph Meaning
31, California - Reading Comprchension
32, SRA ~ Reading Compreasnsion
33, SRA - Language Arts (grammar) I
34, California - Mechanics of English
35, Stanford - Language
36, SRA - Language Arts (grammar)jil
37. Stanford -~ Social Studies
38, SRA - References
39, SRA - Charts
40, STEP - Scoial Studies 1
41, STEP - Social Studies II
42, Stanford - Science
43, STEP ~ Science I
44, STEP ~ Science I}
45, Hypothesis/OP,
46, Hypothesis/OP,
47, Hypothesis/OP3
48, Hypothesis/OP4
4¢, Time/OPl
60, Time/ OP2
51, Time/OP, (Table continued on next page)
52, Time/OP4

- - A1 . .
- - LA ¢ e R R
- - e e v .
'y vt . . : . . .
v ~ A b ow . . . . . v
¢
e
. [
. e

.
-, .
N L

“t t \
,

gt s
i
I N
5,
B P25

] e
o - ’ «
N - . e e fen XN R
" .
T T LY ) AR A0 BV

Ay B

- LR " . .
T IR UL TR S A
-.
.
~

Jeeh




Table IV continued
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33,
34,
35.
36.
37.
38,
39,
40,
41,
42,
43,
44,
45,
46,
47,
418,
49,
50,
S1.

Table IV continuecd

23 24

46
024
N3
.44
.48
025
«39
32
29
-4l
=15
- 27
".20
17
58
o71
«63
75
.67
«65
1,00

1,00

25

.41
+ 20
033
+40
o5l
12
15
«33
34
+ 26
-+53
-.16
-.30
-.23
«68
64
53
»63
73
35
69
o 87
54
74
1,00

065
o 75
«61
«85
074
72
1,00

o t] i s P

58
.64
oG5
«61
«61
«61
62
«89
1,00

28

29
0eld
+19
o35
.36
.07
17
19
32
e 20
".39
-,02
-_14

FRA

"'.06
054
.64
«60
1)
«59
+56
«83
63
53
3:1°]
«66
.69
79

1,00

29

27
20
o35
«33
14
20
24
-.33
-,08
-s13
-e12
62
69
64
«61
59
.)63
.64
63
58
63
68
s (%
«83
1,00

30

21
20
38
.42
09
21
«35
33
032
~-e38
-+ 20
"522
-e12
070
73
«68
g74
072
+67
62
G5
.14
e85
o715
73
;76
1,00

31

42
.29

T —_—=

043
.51
47
o156
24
039
38
35
-‘44
".19
-0 26
-e17
978
.75
«65
57&
32
«65
982
072
.68
o 81
77
«80
069
71
72
«83
1.00

32

040

«43

33

20

e
X 1%

24
«30

20

@ s

«09
«10
24
«28
19
-028
"013
-:913
"005
.58
70

+85
+38
209
097
o 54
62
056
%1
53
«66
«66
62
.70
062
oGl
«63
1,00

«36

nn
(X35

35
.39
432
«09
023
.33
32
028
-.14
e 20
e 17
"015
.68
]
56
.70
62
.75
71
061
070
.72
73
75

80

73
1,00

ee

'A%

054

73

062
.83

.73
68
81
«61
«66
72
«68
«76
.68
«68
.71
81
o653
79
« 96
72
79
«64
1,00

(Table continued on next page)




A4
. .
- -
s LYY
PER DEE GEIZ SN BN BOW A

B ’
° .. * R LN |
v ' il .
ks - v . - M " L4 - *

¥ . ¥yt
b
&

T TR T em CHS 3T T T TR g T e Rl re
’ e i e i M et St il i i et . ' i S i K Sl
Table IV continued
38 39 40 41 42 43 44 45 46 47 48 49 50
i, 41 ,40 .42 ,44 ,43 ,40 43 “«22 -,09 ,06 -,18 -,21 -,13
2. !28 527 327 -19 € v 039 .23 “366 °.08 ‘.07 '.21 =-el6G =,16
3. .36 .3 .33 ,2¢ ,33 ,37 ,32 -,14 =07 =00 ,01 =,15 =,12
4, .40 .41 .45 ,40 ,54 ,34 ,40 -,07 =410 ~,05 =,18 ~,23 =,15
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